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I Introduction. 
During the 1960's a scheme was developed by, among others, M. 
Gell-mann and Y. Ne'eman, in which some order was brought into the 
large number of hadrons. The hadrons known at that time could be 
grouped into a limited number of families of particles (multiplets), 
having a number of properties (quantum numbers) in common, and allowing 
certain relationships in other quantum numbers to be explained [1]. 
This scheme was based on a small number of very elementary particles 
(called quarks), from which the hadrons were built. Three different 
types of quarks were enough to describe all hadrons known at that time, 
with a baryon being composed of three quarks and a meson of a quark and 
an anti-quark. The quantum numbers of a hadron were then the sums of 
the corresponding quantum numbers of the composing quarks. The biggest 
success of this "static quark model" was the discovery in 1964 of the 
Ω
-
 particle predicted to complete the baryon decuplet with spin and 
parity Jp = | + [2]. 
During the years following this success, experiments concerning 
the quark model were aimed at two goals. First, there were spectroscop­
ic experiments, such as the Ω - search, to complete the many multiplets 
that had one or more members missing. Secondly, quark search experi­
ments were undertaken to detect a bare quark and to obtain in this way 
unambigious evidence for their existence. While the first kind of ex­
periments was successful (a number of new resonance states was found 
and empty places in the different multiplets were filled) the second 
type always failed to observe a bare quark unambigiously. 
In experiments where electrons (pointlike as compared to the size 
of the hadrons) were scattered on protons or neutrons, however, one was 
able to observe a structure inside the nucleón. These experiments are a 
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continuation of the Rutherford (1911) and Hofstadter (1956) experiments 
and are called "Deep Inelastic electron nucleón Scattering". They were 
first performed in 1968 at the Stanford Linear Accelerator Center [3]. 
The observed structure corresponds to three small cores (partons) hav-
ing the fractional charges required for quarks. These experiments show 
that the quark model can in fact give a dynamic description of the 
internal structure of hadrons, and is not merely a static scheme that 
explains the way in which a large variety of hadrons can be grouped 
into a limited number of multiplets. 
The same kind of experiments have made it possible to measure the 
nucleón momentum fraction carried by the quarks [ЗіЧ]. It has been ob­
served that quarks only contribute about half of the proton momentum. 
Therefore other partons, neutral in quantum numbers, need to exist in 
the interior of the hadrons. These are believed to be "gluons" , that 
transmit the forces between quarxs, as well as a sea of quark-antiquark 
pairs. To distinguish the "sea" from the quarks that contribute to the 
hadron quantum numbers the latter are called valence quarks. 
Having adopted the idea of a hadron consisting of valence quarks, 
sea quarks and gluons, it is necessary to build a model of the way ha­
drons interact with each other. It is possible to describe most of the 
phenomenology of hadron-hadron interactions without the idea of quarks 
(for example Cluster Analysis [5] and Regge Exchange models [6]). 
However, the evident success of the quark model implies that the same 
results should be obtained from the description of hadron-hadron inter­
actions characterized by a quark picture of the interacting particles. 
The tremendous advantage is that this is expected to lead to a unified 
description of e +e - annihilation, lepton-hadron and hadron-hadron in­
teractions. 
Along the line of flight of the incident particles (longitudinal 
direction) one can divide the phase space of the produced particles 
into three regions. As illustrated in figure 1.1 particles produced in 
the extreme forward and backward regions of the center of mass system 
are considered to originate from the fragmentation of the beam particle 
(forward region) or the target particle (backward region). The other 
particles originate from the excited matter in the center of the colli­
sion, and have in general a low longitudinal momentum in the center of 
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Figure 1.1 
mass system. From left to right, these regions are called the target 
fragmentation region, the central region, and the beam fragmentation 
region. 
In chapter IV some models of longitudinal single particle produc­
tion are discussed. All of these models use the hypothesis that hadrons 
are built of quarks and other partons. In these models a production me­
chanism is proposed in which the distribution of the particles produced 
in the fragmentation region directly reflects the distribution of the 
constituents the incident hadron. Therefore, in the framework of these 
models, the observed particle distributions in the fragmentation region 
contain information about the composition of hadrons. It is obvious 
that a particle can only be a good probe for the test of this mechanism 
if it is produced directly from one of the incident particles. Reso­
nances exist, however, and their decay products disturb the observation 
of the distributions of the directly produced particles. For this rea­
son, resonances themselves may be a better probe to study the relation­
ship between hadron structure and produced particles. 
Even if it were possible to determine all the kinematical vari­
ables that describe one event, the mere number of degrees of freedom, 
3n-5, where η is the number of final particles, makes it impossible to 
study the correlations between all of these variables. Reduction in 
some way is mandatory. A major simplification of the analysis is a-
chieved by the use of an inclusive or semi-inclusive approach. In an 
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inclusive analysis one studies only one characteristic of the events, 
irregardless of all the other variables. For example in the reaction 
a + b —> с + X only the system с is studied and no specification is 
made as to the nature of the recoiling system (X in the equation). In a 
semi-inclusive approach again only the system с is studied, but addi­
tional requirements are set about X. For example, the charged multipli­
city of the system (c + X) can be fixed, or a subsystem d can be re­
quired to be contained in X. Note that nothing is said about c. It may 
be a particle of certain type, but may also be the "distance" between 
different particles, or a system in a limited region of phase space. In 
the analysis presented here we will use both the inclusive and 
semi-inclusive approaches. 
Another simplification that is often made is the study of only 
one- or, at most, two-dimensional distributions. This is possible be­
cause of a very general property of high energy particle collisions; 
after the collision most of the energy continues in the incoming parti­
cle direction (longitudinal direction). Very few collisions give rise 
to one or more particles with a large momentum component in the plane 
transverse to this direction. While the observed longitudinal momentum 
p« in general covers all kinematically possible values, the transverse 
momentum remains small, the average being about 0.3-0.4 GeV/c. In the 
first approximation, the study of the longitudinal distributions of 
produced particles is, therefore, of primary importance. The study of 
the transverse distributions for different intervals of the longitudi­
nal variable is then a complementary second approximation [?]. 
The kinematical variables to be used are the Feynman scaling van-
able x, the so called rapidity y, the transverse momentum squared p t , 
ρ ? 1 /P 
and the transverse energy E t = (pt + M ) ' . The variable χ is defined 
as the longitudinal momentum of the outgoing particle in the center of 
mass divided by the maximum longitudinal momentum that a particle of 
this type can have: Χ^/Ζρ^χ with p*
a x
 = [A(s, M
c
2
, M
x
2 ) / 4 s ] 1 / 2 * ) , 
with Μ
χ
 the mass of the lightest possible configuration with the quan­
tum numbers required by the beam and target particles and the system c, 
*Л(а, b, c) = a¿ + b ¿ + c¿ - 2'(ab + bc + ca). 
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and s the square of the cms energy. At the high beam energy in the ana-
* * 
lysis presented here, p_
o v
 is approximately equal to Vs/2 = P,„„. The 
ΓΠαΧ 1ПС 
rapidity y is defined as 0.5*ln{ (E+p«)/(E-p,/)} . This Lorentz-invariant 
variable has the advantage that it does not favor a certain reference 
system. 
In this thesis simple particle and resonance production is studied 
experimentally and compared to the predictions of the various quark mo­
dels. 
The data used in this analysis were obtained during three expo­
sures of the Fermilab Hybrid Spectrometer to negative and positive 
beams with a momentum of 147 GeV/c. An overview of the experiments, the 
data collection, the measurements, and the selections applied is given 
in chapter II. As the experiments were performed using the same experi­
mental set-up, and as the scanning, measurement and reconstruction was 
done with the same apparatus and software, systematic differences in 
the results of the various reactions are minimized, and the differences 
in the obtained results may well be due to physical reasons. 
In chapter III the production of p 0 mesons is studied. Comparisons 
of the ρ 0 production in the fragmentation regions with various models 
is discussed in chapter IV. In chapter V the ratio between the produc­
tion of π + and π - mesons in the target (proton) fragmentation region is 
studied. 
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II The experimental data. 
The data to be used in the analysis presented in the chapters III 
and V were obtained during three exposures of the Fermilab Hybrid Spec-
trometer. The first exposure, in February 1974, was to a negative beam 
of 147 GeV/c incoming momentum. We shall refer to this experiment with 
the code E154. The other two exposures, in March 1975 and November 
1976, were both to a positive beam at the same momentum. We shall refer 
to these two exposures as £299/50 and E299/60. The experimental set-up 
of the three exposures shows much similarity and will be discussed 
below. The events were measured and reconstructed in a number of dif-
ferent laboratories in the United States, several European countries, 
and Israel. 
Using a beam of this energy in the Fermilab Hybrid Spectrometer 
system for the kind of analysis described here has both positive and 
negative aspects. The main problems that arise are the lack of down-
stream particle identification, the high number of secondaries pro-
duced, and the presence of more than one neutral in the bulk of events. 
The absence of particle identification leads to a lack of knowledge of 
the nature of the particles which have a laboratory momentum above 
1.4 GeV/c (more than 80 % of the total). The high number of produced 
charged particles (at this energy an average of 7.5 with a maximum 
above 24, of which one half is produced in a forward cone with an angle 
of about five degrees), gives rise to serious measurement and recon-
struction problems. The presence of many undetected neutrals makes it 
impossible to determine the full event with kinematic methods. 
A positive aspect of the high beam momentum is the relatively good 
separation between the central and fragmentation regions. This gives 
hope that the particles detected in the beam and target fragmentation 
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regions (\P///Pincl > 0·2) have only a small contamination of centrally 
produced particles, and are really fragments of the colliding hadrons. 
II.1 The experimental set-up. 
After extraction of the primary protons from the Fermilab proton 
synchrotron, a fast kicker magnet knock was used to produce slices of 
200 to 300 microseconds long (pings) into the N7 beamline, one of the 
two Fermilab primary beamlines. In enclosure 100, about 1530 meters 
from the extraction point, the protons hit the primary target. A pair 
of magnets is used to pick up the produced (secondary) particles at the 
angle for optimum flux and particle compositon and to direct them into 
the N3 beam pipe. Along this pipe a number of magnets and collimators 
is used to guide the particles to the spectrometer. The beam momentum 
is determined by a set of dipole magnets, placed 150 meters from the 
primary target, and a momentum slit at 350 meters. The momentum bite 
(Δρ/ρ) was set for the three exposures to 0.9 %, 0.2 %, and 0.8 %, re­
spectively. 
During the two E299 exposures a filter was placed in the beamline 
in order to increase the relative meson content of the beam. In the 
first run, E299/50, a reservoir of 2.5 meter length filled with water 
was placed close to the momentum slit, 350 meters from the primary tar­
get. As the probability for protons, pions and kaons to scatter in this 
filter is proportional to the respective inelastic cross section on the 
nuclei of the filter (for example, on hydrogen the ratios are 
σ(ρρ) :σ (π ρ) :σ (Κρ) = 32:20:17) the relative content of mesons is in­
creased. Since muons scatter very little, the relative muon contamina­
tion in the bean is significantly increased. During E299/60 the filter 
used was 1.5 meter of polyethylene, placed just downstream of the pri­
mary target. This position gives rise to a lower muon contamination 
with respect to the former location, because pions and kaons are al­
ready scattered out of the beam before they have time to decay into 
muons. 
The spectrometer itself is located in the so-called "neutrino 
area" of Fermilab at the end of the N3 beam line. It consists of three 
parts: the upstream tagging telescope, the 30-inch bubble chamber, and 
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the downstream lever arm. The set-up of the spectrometer is shown in 
figure II.la and b. 
The main component is the bubble chamber, placed about 1000 meters 
from enclosure 100. It simultaneously serves as interaction target, 
vertex detector and detecting and ionization device for the charged 
secondaries. The size of the bubble chamber (75 cm length) is such that 
slow tracks (below 10 GeV/c in the laboratory) can be measured with 
good accuracy and fast tracks can be identified well enough to be 
hooked with the hits in the downstream system (hybridized). 
The upstream tagging telescope consists of one differential Ceren-
kov counter С for £154 and E299/50, and two for E299/60, a set of three 
multiwire proportional chambers (or proportional wire chambers, PWC's), 
and two scintillation counters SCI and SC2. The Cerenkov counter(s) de­
termine the nature of the beam particle, the scintillation counters set 
a time gate, and the PWC's measure the direction and position. The ac­
curacy of the direction measurement, theoretically 0.01 milliradian, is 
limited by multiple scattering to 0.05 milliradians. Use of the timing 
and position information makes it possible to associate an event meas­
ured on film with a certain beam particle, and to distinguish the hits 
in the downstream system from other hits during the same bubble chamber 
expansion. 
The downstream lever arm is composed of four proportional wire 
chambers consisting of 4, 3, 4, and 5 planes of wires, respectively. 
The planes have 156 wires each at a spacing of 1.95 mm. The use of the 
downstream system improved the momentum measurements of the fast tracks 
greatly due to the much larger distance over which the tracks could be 
followed. Moreover, tracks were bent in the fringe field of the magnet 
by an angle almost twice as large as in the bubble chamber itself. The 
acceptance of the different PWC's in the downstream system is given in 
figure II.2 as a function of momentum. The relative uncertainty Δρ/ρ in 
the measured momentum is given in figure II.3 both for hybridized and 
non-hybridized tracks. These figures are extracted from reconstructed 
events of £299/60 only, and may deviate slightly for the two other ex­
posures. 
A quantitative comparison of the three exposures is given in table 
II.1. 
- 18 -
100 
s; 
Φ 
о 
с 
а 
-Р 
R· 
ω 
υ 
о 
а: 100 
IO2 IO3 10° IO1 
р 1 а Ь (GeV/c) 
F i g u r e 1 1 . 2 . flcceptance of t h e downstream sys ten 
- 19 -
x 
uu-
80-
60-
Ц0-
20-
Пп 
α) Non-hybridized 
p o s i t i v e t r a c k s 
. * * ·· 
*. * ' 
••• täu 
.•*.••«."'.i; f ;:• 
•ν· Λ--.ν?,··· 
•— ι •—' ι ι H I M 1—r-r-Γτττη 
b) Non-hybrldlzed 
negative tracks 
··· -V· :'>.V .·· 
^ 100
Ί 
80 
60 
40 
20-
c) Hybridized 
positive tracks 
d) Hybridized 
negative tracks 
p I a b CGeV/c) 
F i g u r e I 1 . 3 . R e l a t i v e a c c u r a c y In Tunct lon of momentum. 
- 20 -
Table II. 1 
Comparison of parameters and yields for the different runs. 
Е15Ч E299/50 E299/60 
beam 
pings 
charge 
momentum 
Δρ/ρ 
composition 
π
+
 (π-) 
K+ (К-) 
Ρ (Ρ) 
μ + (Ρ") 
"noise" 
146.8 ± 1.3 
0.009 
94.2 ± 0.1 
1.9 ± 0.1 
1.3 ± 0.1 
2.6 ± 0.1 
145.8 ± 0.3 
0.002 
30.76 ± 0.32 
3.70 ±0.11 
56.96 ± 0.44 
2.66 ± 0.10 
5.92 ± 0.14 
146.8 ± 1.2 
0.008 
GeV/c 
54.04 ± 0.23 % 
9.78 ±0.10 % 
29.03 ± 0.17 % 
4.01 ± 0.06 % 
3.13 ± 0.06 % 
Cerenkov 
counters 
-465.0 -465.0 -465.0 
-354.0 
m 
m 
Positions of 
upstream 
PWC's 
Positions of 
downstream 
PWC's 
-зоо.о 
-175.0 
-16.0 
-2.5 
2.0 
2.3 
3.0 
5.5 
-175.0 
-15.8 
-2.5 
2.0 
2.28 
2.92 
5.75 
-175.0 
-15.8 
-2.5 
2.0 
2.28 
2.92 
5.75 
m 
m 
m 
m 
m 
m 
m 
m 
Number of 
pictures 105 000 158 000 273 000 
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II.2 Measurement and reconstruction. 
The film was scanned, measured and reconstructed in a number of 
laboratories. Although slight differences occured between the different 
institutes, due to different scanning and measuring apparatus and 
software, the general flow is as decnbed below, and illustrated in 
figure II.4. 
Scanning for events was done in a restricted fiducial volume, that 
was defined in order to give enough length to allow a check of the di­
rection of the beam track to be made, and to allow one to measure the 
fast secondaries accurately enough to associate these with the hits in 
the downstream system. One or two independent scans of the film were 
performed, followed by a check and correction scan. During or after 
this last scan an Image Plane Digitization (IPD) was done in order to 
set a number of points that were needed to guide the (semi-)automatic 
device used to measure the events. These IPD points are placed on the 
vertices and on clean parts of all tracks. 
Events were rejected during the scan by reason of bad quality 
frames (faint tracks, too many incoming tracks in the fiducial volume, 
too many events in the fiducial volume), or expected immeasurability of 
the event (too close to other beam tracks, other interaction too close 
to the primary vertex, or a secondary interaction too close to the pri­
mary vertex). The exact criteria used are described in the scanning 
rules for the different experiments [1]. 
After measurement, the events were reconstructed in space. Events 
that failed good reconstruction were remeasured using either a hand ma­
chine or, again, a (semi-)automatic device. However, events were not 
remeasured when the reason of the reconstruction failure was з limit on 
computer capacity, or when it became known during the reconstruction 
that the beam particle could not be identified. Failures that were re­
tried were, for example, events with a high number of inaccurately de­
termined tracks, or reconstructed events that were charge inconsistent. 
Two slightly different reconstruction chains were used for £154 and 
E299, and are described below. 
Before reconstruction can begin, a number of parameters of the 
spectrometer has to be known. First of all, for the reconstruction of 
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tracks inside the bubble chamber, the positions of the image (film) 
planes with respect to the bubble chamber are needed. To determine 
these coordinates etched marks on the front and back windows of the 
bubble chamber (fiducials) in the three different views were measured 
and correlated. The latter was done by either the program PYTHYD [2], 
or CONGEN (CONstant GENerator) [3]. At the same time parameters were 
determined to correct imperfections in the optical system between bub­
ble chamber and measurement plane. The position and correction parame­
ters obtained depend somewhat on the measuring apparatus, and have to 
be determined for each measurement system independently. The parameters 
of the optical system are known as the "optical titles". 
Secondly, the field strength in and around the bubble chamber has 
to be determined. This was done in 1973. After some modification of the 
exit window in 1976 this was repeated in August 1978. The new field map 
showed no more than 2 % deviation from the old parametrization. The 
latter was used for the reconstruction of all events. 
Thirdly, the proportional wire chamber system has to be aligned 
with the bubble chamber. This is done by first positioning the propor­
tional wire chambers with respect to an overall PWC coordinate frame, 
and then transforming this PWC frame to the bubble chamber coordinate 
system. The angles between the wires in each plane and the vertical, 
and the distances of each plane to the center of the bubble chamber 
have been measured using standard survey techniques. The distance of 
the central wire of each plane to the overall axis has been determined 
by the program SURVEY [4], using non interacting beam tracks. The an­
gles and distances that relate the whole PWC system with the bubble 
chamber coordinates were determined by FITROT [5]. FITROT matches beam 
track measurements in the bubble chamber with data from the cwC system. 
As shown in figure II.4, the reconstruction of the events in Е15Ч 
starts with the program CERBERUS [6] which merged the measurements of 
the different views, and performed some checks on the data. The output-
tape from CERBERUS was fed into GEOMAT (GEOmetry and MATch program) [7] 
which reconstructed the events using only the bubble chamber informa­
tion, with the help of the optical titles. The output of GEOMAT goes 
into PWGP (Proportional Wire Geometry Program) [8] which selects the 
appropriate counter information from the upstream and downstream sys-
- 24 -
terns. It uses the measurement of the vertex in the bubble chamber as 
determined by GEOMAT, in order to choose the correct beam track, whose 
direction and position are given by the upstream PWC's A, B, and C. The 
timing information from the scintillation counters is used to select 
the hits in the up- and downstream system from all hits occunng during 
the same bubble chanber expansion. PWGP further reconstructs tracks in 
the downstream system by use of the vertex position in the bubble 
chamber and the intersections with the PWC's. The tagging information 
and the reconstructed downstream tracks are added to the event record. 
The hooking of the bubble chamber information with the downstream 
tracks, and the final reconstruction of the hybridized tracks, is per-
formed by TRACK ORGANIZER [9]. The output of this is the Geometry Sum-
mary Tape (GST). 
A small part of the E299 events was reconstructed using the same 
program chain as described for £154. The main part, however, was pro-
cessed using a different philosophy with respect to the use of bubble 
chamber and counter information. First, an institute dependent program, 
similar to CERBERUS, performed the task of merging the measurements of 
the three different views, and created an inputstructute in HYDRA for-
mat [10]. This structure was input to the program PRECIS (PREliminary 
Chamber Information Summary) [11], where a rudimentary vertex recon-
struction was performed in order to get a position accurate enough to 
associate a beam track with this vertex. As with PWGP, downstream 
tracks were then reconstructed. The counter information was merged into 
the HYDRA structure and presented in the next step to GEOHYB (GEOmetry 
for HYBrid systems) [12]. GEOHYB performs an event reconstruction with 
simultaneous use of all the counter and bubble chamber information. The 
advantage of this strategy with respect to the GEOMAT chain is that am-
biguities that arise in the bubble chamber reconstruction can be solved 
by the presence of the downstream information. Like GEOMAT and PWGP, 
both PRECIS and GEOHYB need the optical and PWC titles. 
As can be expected, the results of the PRECIS-GEOHYB chain have a 
somewhat higher quality than the results of the GEOMAT-PWGP-TRACK OR-
GANIZER sequence. This difference is described in reference [131. where 
the results of the two chains have been compared using a number of 
events from E299. 
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During the processing of the E299 events it appeared that the mo­
mentum distribution of the outgoing tracks was time dependent. R. Piano 
showed that this effect could be understood as a rotation of the hydro­
gen inside the bubble chamber between the passing of the particles and 
the picture taking. The rotation was caused by turbulence inside the 
bubble chamber, the degree of which varied with external conditions. In 
order to correct this effect it was necessary to obtain PWC titles for 
each roll of film separately. In practice, however, it was often enough 
to adjust the rotation matrix with help of non-interacting beam tracks. 
Some rolls of film with neither titles determined nor beam tracks 
measured had to be corrected afterwards. The influence of the rotation 
angle between the bubble chamber and the downstream system on the mo­
mentum of the reconstructed hybridized tracks, was proportional to the 
momentum of the track squared : 
Δρ = a-p2 (II.1) 
with the parameter a having the opposite sign for positive and negative 
tracks [14]. The value of a can be estimated from the distribution of 
the total visible energy: 
E
vis = Σ ( P i 2 + M! 2) 1 7 2· ("-S) 
with the index ι running over all observed outgoing tracks. For rolls 
reconstructed with the correct titles, a peak in E
v l s should exist at 
16.5 GeV. For rolls with erraneous titles, the value of a can be esti­
mated by varying a until the peak is found at 16.5 GeV. A few rolls of 
film which had no titles determined were corrected using this algo­
rithm. 
As a last step in the reconstruction chain the type of the final 
state particles was determined. The only device in the spectrometer 
that can be used for particle identification is the bubble chamber, 
which can distinguish protons from pions up to a laboratory momentum of 
about 1.4 GeV/c. The ionization of these slow tracks was estimated by 
eye or measured on the automatic measurement device. With the use of 
the ionization, about 9 % of the positive tracks could be identified as 
protons. Other particle identification was not possible in this experi­
ment. 
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II.3 Event selection and event weights. 
The events that have passed the reconstruction chain and (after 
one or two measurements) that are present on the GST, are not all re-
constructed successfully. Errors and failures in scanning, measuring, 
and reconstruction make it necessary to check the events and, if possi-
ble, to correct the failures. 
A first sub-sample of reconstructed events are those that have a 
scanned topology with an odd number of outgoing tracks. In the analysis 
given below, all these events were assigned to the next higher even to-
pology. After this adjustment the reconstructed events can be divided 
into three groups: 
1. Complete and charge balanced events, meaning that the number of 
reconstructed outgoing tracks agrees with the scanned topology, 
and that the total outgoing charge is equal to the total incom-
ing charge (0 for EÌ5H, +2 for E299). 
2. Incomplete but charge consistent events, of which the total 
number of reconstructed outgoing tracks is less than the 
scanned topology, but the number of tracks for both charges is 
less than or equal to the number required by the scanned topo-
logy. 
3. Charge inconsistent events, having more positive or negative 
outgoing tracks reconstructed than the amount prescribed by the 
scanned topology. 
The tracks from events in the classes 1 and 2 are assumed to be recon-
structed correctly. In order to save as many events from class 3 as 
possible it was tried to reject tracks with a bad charge assignment. 
These tracks might be: 
1. very short tracks, reconstructed using only 2 points, 
2. steeply dipping tracks, or 
3. fast tracks, not hybridized and reconstructed in the bubble 
chamber with the use of only two views. In this case a track 
mismatch is likely. 
After detecting such a suspect track in a class 3 event, its charge was 
reversed (only for very short negative tracks) or the track was removed 
from the event. After applying this rescue attempt, events were redis-
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Table II.2 
Redivision of charge inconsistent events. 
scanned 
topology 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
total 
total 
458 
593 
961 
1190 
910 
597 
249 
98 
31 
4 
1 
5092 
events 
saved 
181 
197 
268 
297 
173 
101 
29 
14 
3 
1 
1 
1265 
not saved 
277 
396 
693 
893 
737 
496 
220 
84 
28 
3 
0 
3827 
tracks 
positive 
14 
100 
270 
305 
269 
200 
85 
31 
10 
2 
0 
changed 
negative 
276 
307 
446 
621 
491 
315 
142 
53 
18 
1 
0 
Table II.3 
Complete and charge balanced events affected by the save 
algorithm described in the text. 
scanned 
topology 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
total 
total 
10707 
9310 
9665 
7997 
5340 
2798 
1092 
383 
86 
13 
1 
47392 
events 
changed 
1471 
2686 
3967 
4121 
3222 
1849 
782 
278 
65 
11 
1 
18453 
not changed 
9236 
6624 
5698 
3876 
2118 
949 
310 
105 
21 
2 
0 
28939 
tracks 
positive 
1427 
1868 
2595 
2614 
2005 
1139 
467 
164 
36 
6 
0 
changed 
negative 
44 
818 
1372 
1507 
1217 
710 
315 
114 
29 
5 
1 
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Table II.H 
Number of succesfully reconstructed events. 
ccb 
19558 
4656 
?358 
21U63 
48035 
ICC 
3185 
987 
326 
3272 
7770 
total 
22743 
5643 
2684 
24735 
55805 
tributed over the classes 1, 2, and 3. Events still falling into class 
3 were rejected. Those falling into class 1 or 2 were handled as the 
other events in that class. In table II.2 the redivision of charge in­
consistent events is given and in table II.3 the effect of the above 
algorithm on complete and charge balanced events is shown. From these 
tables it can be seen that about 40 % of the complete and charged bal­
anced events contains a track that should be classified as "suspect". 
Table II.2 shows that about 25 % of the charge inconsistent events are 
saved using the algorithm described above. 
For each beam particle type, the number of events that is recon­
structed correctly and are used in the analysis is given in table II.4. 
As part of the events from E299 are proton-proton interactions, we 
have an ideal tool to compare the performance of the spectrometer and 
the reconstruction chain in the forward and backward center of mass 
hemispheres. For the complete and charge balanced pp events the inclu­
sive distributions of the positive and negative particles are compared 
in figure II.5 as functions of both the Feynman variable χ and the ra­
ti 
pidity in the cms y . The solid lines show the backward and the dashed 
lines the forward produced particles, assuming that the measurement of 
the slow tracks in the laboratory (backward cms hemisphere) is the more 
reliable, we see an excess of fast tracks in the neighbourhood of the 
forward kinematic limit, χ = 1 or y =4.78. 
The asymmetry between the forward and backward hemisperes is ex­
pressed by the quantity A: 
(F - B) 
A =(7^) ( Ι Ι · 3 ) 
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IO5! b) positive tracks 
Figure II.5. Reconstructed backward (solid) and 
forward (dotted) tracks from pp events. 
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- 3i -
Table II.5 
Asymmetry of outgoing tracks from 
complete and charged balanced proton-proton events. 
topology 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
Average 
positive 
-0.014 
0.008 
0.018 
0.025 
0.013 
0.008 
0.020 
-0.031 
0.02H 
0.152 
0.012 
± 
± 
± 
± 
± 
± 
± 
+ 
± 
± 
± 
tracks 
0.027 
0.025 
0.021 
0.021 
0.024 
0.031 
0.045 
0.075 
0.133 
0.227 
0.010 
negative 
0.008 
0.008 
0.001 
-0.021 
-0.016 
-0.015 
-0.033 
-0.095 
0.037 
-0.006 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
track; 
0.043 
0.030 
0.028 
0.031 
0.038 
0.055 
0.085 
0.178 
0.297 
0.014 
where F and В are the total number of particles in the forward and 
backward hemisphere, respectively. In table II.5 the values of A are 
given for positive and negative tracks of different topologies, for the 
complete and charge balanced events. From this table it can be con­
cluded that no systematic spill-over between the two hemispheres ex­
ists. 
A similar method can be used to determine those regions of phase 
space were most tracks are lost. In figure II.6 distributions for posi­
tive and negative tracks are shown and a comparison is made between 
complete and charge balanced and incomplete events, the latter normal­
ized to the number of complete events. From this figure it can be seen 
that for χ < 0.5 no systematic losses occur, but for χ > 0.5 about 50 % 
of the particles in the ice events that have the same charge as the 
beam particle are lost. 
In the analysis to be described m the chapters III and V, the bi­
ases introduced by inefficiencies in the measurement and reconstruction 
have been corrected by the use of weights. To correct for events lost 
completely, all events of a given topology and beam particle type were 
assigned a topology dependent weight: 
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jjSC 
V. ; · t oP. (II 4) 
"top
 Nreo· чі.ч; 
"tot "top 
were N s c is the total number of scanned events, o t o t the total cross 
section of this reaction, o».OD the topological cross section, and ΝΓ^° 
the number of succesfully (classes 1 and 2) reconstructed events. 
This weight ensures that the total weighted number of events for each 
topology corresponds to the relative occurance of that topology. 
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Ill Inclusive and semi-inclusive ρ 0 Production. 
The determination of resonance contributions to the final state of 
hadron-hadron collisions has been a subject of interest since the birth 
of high energy physics. It has been realized in recent years that reso­
nances are abundantly produced in high multiplicity final states [1-5]. 
A large fraction of all observed particles, therefore, are decay pro­
ducts of short lived intermediate states. Some authors [2e,4b,5c] even 
claim the fraction of directly produced pions to be as low as 25 %. 
Especially p 0 production, as one of the dominant resonances has been 
studied in π+ρ [1], π~ρ [2], К"1"? [3], K~p [Ч], and pp [5] interactions. 
The identification of resonance states in inclusive reactions is a 
difficult task, especially at high energies. Difficulties arise from 
the poor particle identification techniques used to date, from the 
large number of outgoing particles leading to a significant combinato­
rial background, and from the limits on momentum resolution. 
In this chapter the methods used, the results obtained and the 
phenomenological features of the inclusive and semi-inclusive p0-meson 
production are studied using the data described in the former chapter, 
on the following reactions: 
π
+
ρ -> X + Χ" ..., (III.1) 
π"ρ -» X + X" .... (III.2) 
K+p -> X + X" .... (III.3) 
pp -> X + X" .... (111.4) 
with X + and X _ being unidentified positive and negative particles, res­
pectively. (The beam momentum of 147 GeV/c gives the highest energy 
available for π +ρ and K +p data to date.) As the experiment was run in 
the Fermilab Hybrid Spectrometer the momentum resolution problems are 
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minimized. 
The data and the weights applied to the effective mass distribu­
tions were already discussed in the previous chapter. In the next 
chapter we will discuss the models proposed for longitudinal particle 
production and compare those with the experimental results obtained 
here. 
As the average charged topology of events at our beam momentum is 
about 7.5, the mere number of π +π _ combinations determines to a vast 
extent the size of the backround. Because of this large combinatorial 
background the amount of p 0 measured is sensitive to the method used 
for background subtraction. In the next section the presence of p 0 pro­
duction in the data will be shown from the effective mass distribu­
tions. In section III.2 we will discuss procedures used in the litera­
ture to estimate the background. The experimental resolution of the 
spectrometer and the procedure followed to determine the p 0 content in 
the the effective mass spectra is given in sections III.3 and III.1). 
The results for the semi-inclusive and inclusive p 0 production 
cross sections are presented in section III.5, followed by the results 
for the differential cross sections as a function of Feynman-x and as a 
function of the transverse variables p t and E t in III.6. The results 
of a spin density matrix determination are given in section III.7. 
Good separation between protons and pions can be achieved from 
ionization for tracks of momentum below 1.Ц GeV/c in the lab system. In 
this way about 9 % of the positive tracks can be identified as protons. 
It is felt, however, that no serious bias is introduced when all outgo­
ing particles are assumed to be pions. The bias is the most important 
in the extreme backward region, where Δ production occurs. In case of 
proton misidentification, the Δ is reflected into the π*ΤΓ_ effective 
mass region around 0.4 GeV. Since we focus on the p 0 region 
((0.55 - 1.0) GeV), Δ production will not have a significant effect. 
The misidentification of protons will, furthermore, result in a larger 
amount of 7v+ir- combinations in the background, but will not give rise 
to a significant change in the estimates for the cross section signal. 
This feature has been verified for all cross sections given below. The 
assumption to treat all outgoing particles as pions allows different 
regions of phase space to be handled in an identical way. 
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III.1 The π+π effective mass spectra. 
In figure III.1 the number of π +π - combinations is plotted against 
the mass of the combination. We see a curve that climbs steeply from 
threshold to a maximum around 0.45 - 0.50 GeV. From about 0.55 GeV to 
3.0 GeV the curve bends to zero almost exponentially. The spectra can 
be described rather well in this region by a function of the form: 
F(M = exp(-a-M + b-M 2). (III.5) 
In figure III.2 the effective mass spectra are repeated but now 
each combination has been assigned a mass dependent weight: 
W(M) = (FCM))-1 = exp(a-M - b-M 2), (III.6) 
with the values of a and b determined by a fit to the distributions in 
the figures III.1. From figure III.2 it is obvious that a structure ex­
ists around 760 MeV consistently for all reactions. As this consistent 
structure is absent in similar effective mass plots for π +π + and π -π -
combinations (figures III.3). it indicates the presence of P 0 produc­
tion. The bump observed in figures III.2, is present of course in the 
unweighted mass plots (III.1), but is only visible as a small shoulder. 
III.2 The background. 
The estimate of the amount of p 0 by a simple eye-drawn curve 
versus the number of background combinations shows a signal to back­
ground ratio of 1:5 to 1:10. It is clear that any determination of the 
amount of p 0 is very sensitive to the way the background is defined. 
No detailed understanding exists as yet about multiparl-icle pro­
duction. Therefore, no reliable, well founded parameterization of the 
background is available and a phenomenological distribution has to be 
used. As the shape of the background is determined by physical phenome­
na, the most elegant way to obtain information about this shape is by 
extracting it from the real events themselves. One can imagine that 
such a background could be obtained by combining tracks from the same 
events but in an exotic channel, or by combining tracks in the same 
channel but from different events. The first procedure ensures the con-
- 38 -
80D00 
64000 
48000 
σ 
ія \ 
w 
с 
о 
•-І 
-Ρ 
d 
с 
ш-і 
-Ω 
ε 
ο 
ϋ 
ο 
Ε 
С 
Ό 
CD 
32000 -
16000 
α) π+ρ -* π+π + Χ 
-ι 1 1 г 
10000 
8000-
Ζ' 6000 
4000 
2000 
с) Κ+ρ - π+π- + Χ 
- ι 1 1 Γ" 
¿ъиии • 
20000 -
15000 -
10000 -
5000-
0-
ь 
π ρ — п
+
п" 
J i-тГ 1 
г 
I I 1 
+ χ 
Jinplb 
-ι 1 
uuuuu -
80000 -
60000 -
40000 -
20000 -
θ­
α] pp -
JV 
J 
ι - Τ 
π
+
π- + X 
V J - ^ M 
- 1 τ - г 
2 3 
Μ ( π + , π -
0 
(GeV) 
F i g u r e I I I . 2 . E f f e c t i v e mass d i s t r i b u t i o n s o f π+π" 
c o m b i n a t i o n s , w e i g h t e d w i t h exp (aM - bM2) . 
- 39 -
80000 
64000 
48000 
032000 · 
\ 
и 
с 
о 
S16000 • 
а 
с 
E 
υ
 и 
о 8000 
а) п+р - п±п± + X 
τ 1 1 1 г 
80000 
¿ииии -
16000 -
12000 -
8000-
4000-
0-
Ь 
п~р -
Л ^ 
—ι г
-
- п ^ * + 
rtaTy, 
1 1 — 
χ 
ΠΝ 
1 
F i g u r e Ι Ι Ι . 3 . E f f e c t i v e mass d i s t r i b u t i o n s o f π*π* and 
л~л~ c o m b i n a t i o n s w e i g h t e d w i t h exp (aM - ЬМг) . 
- 40 -
servation of momentum and energy, and retains all the single particle 
distributions, while the latter releases the constraints on energy and 
momentum. Both procedures are discussed below. 
No double charged mesons exists, and therefore the effective mass 
spectrum of combinations of like charged particles from one event is a 
candidate for the background description. The amount of (τ·+π+ + π~π-) 
combinations has to be normalized to the amount of ττ+π- combinations in 
a region of phase space were resonance contributions can be expected to 
be negligible. This method of background estimation was used to deter­
mine the resonance production in proton-proton collisions with a high 
cms energy [5c]. 
In figure III.И the same distributions are shown as in figure 
III.1. In addition one sees the mass spectra for combinations of like 
charged particles, normalized to the first, in the mass region between 
2 and 4 GeV. The difference between the two spectra is plotted in fig­
ure III.5 and shows a broad structure with two peaks between threshold 
and 1.5 GeV. If it is believed that this structure contains only reso­
nances and reflections of resonances which decay into at least one po­
sitive and one negative particle (and prehaps one or more neutral par­
ticles) such as p 0, f, ω, KÎqp, η, and ri, then the total number of 
combinations in this structure should not exceed the amount of produced 
positive or negative particles. This restriction is, however, fulfilled 
only for Ц prongs in π +ρ, K+p and pp interactions, and for topologies 
less then 12 in тг-р interactions. Therefore one is forced to the con­
clusion that the shape of the like-charged effective mass spectra does 
not agree with the background in the іт+тг- mass spectra. Table III.1 
shows this discrepancy quantitatively. 
The other technique to determine the shape of the background, 
using information from the real data, is to combinate positive and ne­
gative particles from different events. In this way, of course, the re­
quirements of momentum and energy conservation are not fulfilled. 
However, as no neutral particle detection existed in this experiment, 
on the average about one third of the total outgoing energy was not de­
tected. Therefore, conservation of energy and momentum does not have a 
large influence on the shape of the effective mass distribution of the 
charged particles. As a consequence, a random combination of outgoing 
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Table III.1 
Number of ^тг - combinations above a normalized 
(π+τΓ+ + π -π -) background. 
topology 
Integrated number of 
difference тг~-тезопз 
Integrated number of 
difference ïï--mesons 
π
+
 beam 
π
-
 beam 
4 
6 
8 
10 
1 12 
all 
2722 
9233 
14127 
14058 
29907 
70783 
3851 
8941 
12590 
12488 
19299 
57151 
549 
1690 
2270 
4060 
6221 
12046 
1846 
5580 
4759 
4773 
5369 
23702 
K + bes 
ρ beam 
4 
6 
8 
10 
2 12 
all 
295 
1117 
2249 
2227 
4185 
10056 
485 
1017 
1443 
1401 
2039 
6389 
2931 
9331 
15906 
15801 
33233 
79022 
4073 
8969 
12436 
11391 
22016 
58884 
tracks from different events will not give rise to problems connected 
with the non-conservation of the total energy and momentum. In order to 
combine different tracks in such a way that the resulting distributions 
are as close as possible to the real distributions we generated "uncor-
related events" using the following procedure. 
First, events were selected according to their scanned charged to­
pology. In order not to generate events of better quality than the real 
events, we added dummy tracks labeled "missing" to incomplete but 
charge consistent events: the class-2 events of section II.3· The 
tracks within an event were ordered with respect to charge only. Now we 
assigned each real track to an "uncorrelated event" , such that track i 
of real event N was passed to fake event N+(i-1). 
This procedure ensures that the following properties are preserved 
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in the reassignment process: 
1. The number of particles of either charge in the "uncorrelated 
events" agrees with the topology of the "event". 
2. Each real track is assigned to one and only one "uncorrelated 
event", so that all single particle distributions are un­
changed . 
3. The quality of the generated events is comparable to the quali­
ty of the real events, as "missing" tracks are also passed. 
The total inclusive sample of "uncorrelated events" is, of course, the 
sum of all the sub-samples of the different topologies. 
The background curve can now be obtained by calculation of the ef­
fective mass distribution from these "uncorrelated events". In figure 
III.6 the effective mass distributions of the real events are plotted 
again, but now histograms of the effective mass distributions from the 
"uncorrelated events" in the same тг+тг- channel are superimposed. Again 
the latter are normalized to the distributions of the real events in 
the mass region from 2 to 4 GeV (normalization is neccesary as the re­
construction efficiency is not 100 %). From figure III.7, where the 
difference between the two curves is plotted for 8-prongs, it is clear 
that this attempt to generate a background from the data also fails. 
The "uncorrelated" curve exceeds the data in the region of interest. 
The same kind of effect was observed in other experiments [5f]. 
A detailed discussion of the discrepancy between the shape of the 
π
+
π~ distribution in the real data and the two derived backgrounddis-
tributions is beyond the scope of this thesis. Something can be said, 
however, in that one may think of multi-particle production as a 
two-step process. In the hadron-hadron collision, first a limited 
number of low mass (= 1-2 GeV) fireballs are created at a large "dis­
tance" ' from each other. Next, these fireballs cascade in turn into 
The distance between particles in phase space is only an intuitive 
conception, and is related to the effective mass of the two parti-
P 2 
cles. Possible metrices for the distance are: d^ - = (P^ - P-¡) with 
PJ and Pi the Ч-vectors of the two particles, or 
dif = Hif ~ (Mi + M i ) 2 · w i t h ^ j 2 t h e effective mass of the combina­
tion and M· and M- the individual masses [6]. 
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Figure III.6. Effective mass distributions of n+n" 
combinations from the same and (shaded) 
different events (only 8 prongs). 
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Figure I I I . 7 . Difference between the 
d i s t r i b u t i o n s In f igure I I I . 6 . 
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Clusters of final particles. If the majority of the fireballs decays 
into only one particle of either charge, plus one neutral, pairs of 
like charged particles will result only from combinations of particles 
from different clusters. Pairs of unlike particles will also have com­
binations within one cluster. Consequently, the average effective mass 
of like charged pairs will be somewhat above the effective mass of com­
binations of particles of unlike charge. In a similar way the effective 
mass of two-pion systems decaying from the same fireball will reflect 
in their effective mass distribution the mass of that fireball as a 
lower limit, while the particles from the "uncorrelated events" are not 
sensitive to this constraint. 
As our attempts to extract a background from the data failed, we 
are obliged to use an ad hoc parameterization that describes the back­
ground outside the resonance region. It is assumed that the behaviour 
of the background below the resonance can be extrapolated from the be­
haviour outside the resonance region. 
Background parameterizations used in experiments with similar ex­
perimental conditions as our data (high center of mass energy, a high 
number of produced particles, and no determination of the full final 
state of the event) are: 
F(M) = exp (b-M + c-M2 + . . . ) , (III.7) 
F(M) « (M - M t h )
a
 · exp(b-M + c-M2 + . . . ) , (III.8) 
were M is the π+-τ~ effective mass, and M t h the threshold mass (i.e. two 
times the pion mass). The coefficients a, b, c, ... are variable param­
eters in the fits. The two formulas differ in their behaviour at thres­
hold, and show a similar mass dependence in the region reasonably far 
above the peak in the effective mass distributions. Therefore, the 
first formula is prefered if the resonance studied lies to the right of 
the peak in the phase space curve. The other parameterization is often 
used if the resonance is at the peak of the curve. The p 0 resonance is 
just above this maximum in most of the effective mass plots. Therefore, 
we chose to use the first formula, but in order to have some idea of 
the influence of the background parameterization we will also present 
results obtained using formula (III.8). 
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III.3 The experimental resolution. 
Due to uncertainties in the various stages of the measurement and 
reconstruction process, the momenta and angles of the tracks used in 
the analysis are saddled with errors. These errors give rise to uncer­
tainties in the mass of the two-pion combinations, limiting the mass 
resolution in the effective mass distributions. This results in a wid­
ening of the resonance shape that has to be taken into account in the 
determination of the resonance contribution. An often used method to 
incorporate the experimental resolution in the determination of reso­
nances is to use a width larger then the nominal width of the reso­
nance, or leave the width as a free parameter in the fit. In the cur­
rent situation, however, due to the steep phase space behaviour and to 
the large combinatorial background, it is difficult to determine the 
width of the resonance from the effective mass distributions. Hence, we 
are forced to use the nominal value for the width of the p 0, and to 
chose a method to bring the experimental resolution into account. The 
size of the errors on the tracks, and thus the experimental resolution, 
depends on the momenta of the tracks, and therefore on the effective 
mass and the position in phase space where the di-pion system is loca­
ted. 
The errors on the final reconstructed tracks are an accumulation 
of the uncertainties in each step of the measuring and reconstruction 
chain. As the reconstruction program does not handle all the individual 
uncertainties correctly, the given errors are partly estimated by some 
constants in the program itself. By use of the tracks from visible K 0 
decay it is, however, possible to check the experimental resolution at 
a two-pion mass equal to the K 0 mass (= 500 MeV) for a limited region 
in phase space. 
For each тг+іт~ combination we calculated a mass difference 
ΔΜ = M - M
s
, where M is the π +π - mass as calculated from the geometry 
output, and M the effective mass of the same two pions but calculated 
after the momenta and angles of the tracks were spread within the er­
rors given by GEOHYB. We have calculated ΔΜ for various values of M. 
The experimental resolution was determined by the width of a Gaussian 
fitted to the different ΔΜ distributions. 
_ JJ9 _ 
A satisfying parameterization of the experimental resolution is 
given by a second order polynomial: 
2 . 
ΔΜ (M) =
 Σ
 a, M 1. (III.9) 
i = 0 1 
The values of the parameters a1 are given in table III.2. The experi­
mental resolution also depends on the Feynman variable x, but this de­
pendence is found to be weak. 
Table III.2 
Parameters of the experimental resolution. 
a 0 = ( 4.06 ± 0.08) · Ю
- 3
 GeV  
(11.2 ± 0.23) · Ю - 3 
(-3.2 ± 0.16) · 10"3 GeV-1 
In the previous three sections we have shown that p 0 production is 
present in the data, that it is necessary to use an ad hoc background 
parameterization of a form described by one of the formulas III.7 or 
III.8, and we have determined the experimental resolution as a function 
of the mass of the two-pion system. 
The experimental resolution is folded into the shape of the P 0 re­
sonance in a way that is somewhat similar to the method used to calcu­
late the effect of the errors on the π +π- mass spectra. 
With a simple Monte Carlo technique we generated a p 0 shape ac­
cording to the Breit-Wigner formula: 
ΜΓ 1 
BW(M) = , -r-, -P-^- · _, (III. 10) 
[(M¿ - M 0 ¿ ) ¿ + M 0 ¿r ¿] q 
Γ = Γ 0 · ( q / q 0 )
2 1 + 1
, 
with the central mass and width of the resonance equal to the nominal 
values M 0 = 0.776 GeV and Γ ο - 0.156 GeV [7]. The factor q (q0) gives 
the momentum of one of the decay products m the rest-frame of a reso­
nance with mass M (M0) , and the value of 1 gives the intrinsic angular 
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momentum. For a P-wave Breit-Wigner as is used here, 1 has the value 1. 
For each mass (M) obtained in this way we assigned another mass, gener­
ated according a gaussian distribution with a central value M and width 
ΔΜ(Μ) as given in formula III.9. As a contribution from f-meson produc­
tion cannot be excluded from the data, we also included the shape of 
the f-meson in the final function to be fitted. This shape was obtained 
in the same way as the shape of the ρ0-meson, using as the central mass 
M 0 = 1.252 GeV, as the width Γ ο = 0.152 GeV, and using a D-wave 
Breit-Wigner. 
All effective mass distributions were fitted with the function 
F(M) = BG(M) + PS(M) · (BWR(M) + BWF(M)), (III.11) 
with BG, PS, BWR, and BWF describing the background, the phase space, 
the p 0 , and the f terms respectively. As the phase space and the back­
ground terns cannot be separated, we have assumed an identical mass de­
pendence. The function F(M) then becomes: 
F(M) - BG(M) · (1 + BWR(M) + BWF(M)). (III.12) 
This function F(M) was fitted from a mass of 0.55 GeV to 3.0 GeV, using 
the background parameterization III.7 with two free parameters, and 
from 0.3 GeV to 3.0 GeV using the background parameterization III.8 
with four free parameters. The fitted curves are shown in the figures 
111.8 and III.10 for the two background parameterizations, respective­
ly. The difference between the background curves, as obtained from the 
fits, and the effective mass distributions is shown in the figures 
111.9 and III.11. A clear p 0 signal is visible in all plots, and a hint 
of f meson production is present in figure III.11, but not in III.9. 
III.5 The semi-inclusive and inclusive cross sections. 
In tables III.3 and III.4 we present the results of the cross sec­
tion determination for the topology dependent fits with background form 
III.7. Shown are the topological cross sections, σ£ορ· f r o m references 
[8] and [9], the production cross sections for the p 0 and the f mesons, 
σ(ρ0) and P(f) for the topologies 4, 6, 8, 10, 212, 18 and the total. 
In table III.4 the average number of P 0 ,s and f's per event and per 
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Figure III.9. Number оГ л*л~ combinations above the 
fitted background form 111.7. The solid lines 
give the p0 contribution, the dotted lines 
the additional Г contribution. 
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Ρ0
 and f produc 
top 
а) тг+р -» 
Ц 
6 
8 
10 
¿12 
S. 8 
all 
b) π"ρ -» 
Ч 
6 
8 
10 
212 
i 8 
all 
с) K+p -> 
И 
6 
8 
10 
212 
i 8 
all 
d) ρ ρ -> 
4 
6 
8 
10 
212 
ί 8 
all 
X2/ND 
π π " + Χ 
111/ 92 
87/ 92 
112/ 92 
96/ 92 
107/ 92 
139/ 92 
118/ 92 
7+1Γ- + Χ 
104/ 75 
114/ 92 
103/ 92 
114/ 92 
116/ 91 
121/ 92 
99/ 92 
π
+
π- + Χ 
42/ 41 
90/ 71 
105/ 84 
87/ 83 
84/ 82 
125/ 92 
102/ 92 
π π" + Χ 
108/ 92 
95/ 92 
88/ 92 
112/ 92 
71/ 92 
96/ 92 
97/ 92 
Table III. 
tion cross sections 
atop 
(rab) 
3.85 ± 
4.36 ± 
4.04 ± 
3.01 ± 
3.32 ± 
12.25 ± 
20.59 ± 
4.12 ± 
4.47 ± 
4.30 ± 
3.09 ± 
3.21 ι 
12.89 t 
20.99 ± 
3.49 ± 
3.55 ± 
3.38 ± 
2.60 ± 
2.19 ± 
10.42 ± 
17.16 ± 
6.29 ± 
6.80 ± 
5.45 ± 
3.88 ± 
4.48 ± 
18.54 ± 
31.56 ± 
0.08 
0.08 
0.08 
0.07 
0.08 
0.14 
0.20 
0.10 
0.10 
0.11 
0.09 
0.09 
0.18 
0.25 
0.17 
0.17 
0.17 
0.15 
0.14 
0.29 
0.42 
0.12 
0.13 
0.12 
0.10 
0.11 
0.21 
0.36 
3 
ι using background 
σ(ρ0) 
(mb) 
0.78 ± 
1.48 ± 
2.08 ± 
1.84 ± 
3.39 ± 
4.32 ± 
8.59 ± 
0.59 ± 
1.91 ± 
2.01 ± 
1.59 ± 
2.14 ± 
4.32 ± 
8.62 ± 
0.62 ± 
1.43 ± 
1.50 ± 
1.35 ± 
1.12 ± 
3.29 ± 
5.30 ± 
0.45 ± 
1.35 ± 
1.65 ± 
2.24 ± 
3.03 ± 
3.54 ± 
7.97 ± 
0.13 
0.20 
0.25 
0.27 
0.55 
0.35 
0.64 
0.27 
0.40 
0.50 
0.51 
0.86 
0.62 
1.19 
0.37 
0.73 
0.58 
0.70 
0.88 
0.85 
1.35 
0.14 
0.25 
0.33 
0.33 
0.87 
0.43 
1.04 
III.7. 
σ (f) 
(mb) 
0.00 ± 0.03 
0.04 ± 0.12 
0.23 ± 0.18 
0.17 ± 0.20 
0.30 ± 0.38 
0.23 ± 0.22 
0.74 ± 0.52 
0.22 ± 0.22 
0.00 ± 0.06 
0.20 ± 0.35 
0.22 ± 0.43 
1.05 ± 0.74 
0.00 ± 0.37 
1.45 ± 1.04 
0.00 ± 0.07 
0.24 ± 0.50 
0.00 ± 0.95 
0.61 ± 0.67 
0.00 ± 0.30 
0.26 ± 0.61 
0.73 ± 1.12 
0.00 ± 0.04 
0.00 ± 0.18 
0.02 ± 1.26 
0.00 ± 0.11 
0.93 ± 0.67 
0.00 ± 0.41 
0.44 ± 0.88 
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Table III.4 
Number of produced P0 and f mesons per event and per π ~ (BG III.7). 
t o p 
a) π+ρ - > 
4 
6 
8 
10 
2 1 2 
Í 8 
a l l 
b) π -ρ —» 
it 
6 
8 
10 
¿12 
Í. 8 
a l l 
c) K+p - > 
4 
6 
8 
10 
212 
i 8 
a l l 
d) ρ ρ - > 
Ч 
6 
8 
10 
212 
ί 8 
a l l 
<ρ' 
τ
+
π " + Χ 
0.20 
0.34 
0.52 
0.61 
1.02 
0.35 
0.42 
π
+
π" + Χ 
0.14 
0.43 
0.47 
0.51 
0.67 
0.34 
0.41 
π
+
π" + Χ 
0.18 
0.40 
0.44 
0.52 
0.51 
0.32 
0.31 
π π" + Χ 
0.07 
0.20 
0.30 
0.58 
0.68 
0.19 
0.25 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
э> 
0.03 
0.05 
0.06 
0.09 
0.16 
0.03 
0.03 
0.06 
0.09 
0.12 
0.17 
0.27 
0.05 
0.06 
0.11 
0.21 
0.17 
0.27 
0.40 
0.08 
0.08 
0.02 
0.04 
0.06 
0.08 
0.19 
0.02 
0.03 
0.00 
0.01 
0.06 
0.06 
0.09 
0.02 
0.04 
0.05 
0.00 
0.05 
0.07 
0.33 
0.00 
0.07 
0.00 
0.07 
0.00 
0.23 
0.00 
0.02 
0.04 
0.00 
0.00 
0.00 
0.00 
0.21 
0.00 
0.01 
< f > 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
0.01 
0.03 
0.04 
0.07 
0.12 
0.02 
0.03 
0.05 
0.01 
0.08 
0. 14 
0.23 
0.03 
0.05 
0.02 
0.14 
0.28 
0.26 
0.14 
0.06 
0.07 
0.01 
0.03 
0.23 
0.03 
0.15 
0.02 
0.03 
<р
0
>/<тг~> 
0.20 ± 
0.17 ± 
0.17 ± 
0.15 ± 
0.18 ± 
0.17 ± 
0.17 ± 
0.07 ± 
0.14 ± 
0.12 ± 
0.10 ± 
0.10 ± 
0.12 ± 
0.11 ± 
0.18 ± 
0.20 ± 
0.15 ± 
0.13 ± 
0.09 ± 
0.16 ± 
0.13 ± 
0.07 ± 
0.10 ± 
0.10 ± 
0.14 ± 
0.11 ± 
0.10 ± 
0.11 ± 
0.03 
0.02 
0.02 
0.02 
0.03 
0.01 
0.01 
0.03 
0.03 
0.03 
0.03 
0.04 
0.02 
0.02 
0.11 
0.10 
0.06 
0.07 
0.07 
0.04 
0.03 
0.02 
0.02 
0.02 
0.02 
0.03 
0.01 
0.01 
<f>/< i ï "> 
0.00 
0.00 
0.02 
0.01 
0.02 
0.01 
0.01 
0.03 
0.00 
0.01 
0.01 
0.05 
0.00 
0.02 
0.00 
0.03 
0.00 
0.06 
0.00 
0.01 
0.02 
0.00 
0.00 
0.00 
0.00 
0.03 
0.00 
0.01 
± 0.01 
± 0.01 
± 0.01 
± 0.02 
± 0.02 
± 0.01 
± 0.01 
± 0.03 
± 0.00 
± 0 . 0 2 
± 0.03 
± 0 . 0 4 
± 0.01 
± 0.01 
± 0 . 0 2 
± 0 . 0 7 
± 0.09 
± 0.06 
± 0.02 
± 0.03 
± 0.03 
± 0.01 
± 0.01 
± 0.08 
± 0.01 
± 0 . 0 2 
± 0.01 
± 0.01 
- 57 -
ρ0
 and f prod 
top x2/ND 
a) ττ+ρ —> π +π~ + X 
1 112/102 
6 97/102 
8 113/102 
10 101/102 
212 110/102 
i 8 135/102 
all 1114/102 
b) π-ρ —> ·ττ+ττ- + X 
1 119/ 85 
6 120/102 
8 108/102 
10 121/102 
212 125/101 
1 8 131/102 
all 101/102 
c) K+p -> π +π" + X 
4 51/ 51 
6 99/ 81 
8 115/ 94 
10 98/ 93 
212 92/ 92 
<. 8 136/102 
all 110/102 
d) ρ ρ —> π +π - + Χ 
Ч 118/102 
6 95/102 
8 91/102 
10 117/102 
212 79/102 
ί 8 99/102 
all 99/102 
Table II 
tion cross seoti 
•Чор
 ( m b ) 
3.85 ± 0.08 
И.Зб ± 0.08 
4,04 ± 0.08 
3.01 ± 0.07 
3.32 ± 0.08 
12.25 ± 0.14 
20.59 ± 0.20 
4.12 ± 0.10 
4.47 ± 0.10 
4.30 ± 0.11 
3.09 ± 0.09 
3.21 ± 0.09 
12.89 ± 0.18 
20.99 ± 0 . 2 5 
3.49 ± 0.17 
3.55 ± 0.17 
3.38 ± 0.17 
2.60 ± 0.15 
2.19 ± 0.14 
10.42 ± 0.29 
17.16 ± 0.42 
6.29 ± 0.12 
6.80 ± 0.13 
5.45 ± 0.12 
3.88 ± 0.10 
4.48 ± 0.11 
18.54 ± 0.21 
31.56 ± 0.36 
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.5 
ns using backgro 
σ(ρ 0) (mb) 
0.71 ± 0.08 
1.24 ± 0.17 
1.85 ± 0.20 
1.29 ± 0.22 
2.30 ± 0.49 
3.73 ± 0.26 
6.54 ± 0.53 
0.53 ± 0.18 
1.77 ± 0.28 
1.92 ± 0.45 
0.88 ± 0.42 
1.19 ± 0.78 
4.07 ± 0.59 
6.40 ± 0.99 
0.59 ± 0.27 
0.94 ± 0.30 
1.64 ± 0.51 
1.19 ± 0.56 
1.29 ± 0.72 
2.90 ± 0.73 
4.66 ± 1.21 
0.46 ± 0.13 
1.32 ± 0.21 
1.17 ± 0.27 
1.43 ± 0.25 
2.24 ± 0.93 
2.96 ± 0.41 
6.09 ± 0.74 
III.8. 
σ (f) (mb) 
0.00 ± 0.04 
0.10 ± 0.12 
0.56 ± 0.17 
0.27 ± 0.17 
0.60 ± 0.36 
0.58 ± 0.20 
1.49 ± 0.50 
0.14 ± 0.15 
0.00 ± 0.25 
0.46 ± 0.33 
0.00 ± 0.34 
1.88 ± 0.67 
0.31 ± 0.41 
2.23 ± 0.94 
0.00 ± 0.03 
0.14 ± 0.21 
0.52 ± 0.39 
0.87 ± 0.48 
0.00 ± 2.29 
0.58 ± 0.52 
1.38 ± 1.03 
0.00 ± 0.18 
0.27 ± 0. 18 
0.24 ± 0.21 
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final state π" (<ρ0>, <f>, <р0>/<тг~> and <Γ>/<π">) are given for the 
same topologies. Tables III.5 and III.6 give the same quantities re­
sulting from the determination using the more complex background form 
III.8. The fits have an average χ11 per degree of freedom of 1.2. The 
(semi-)inclusive cross sections for p 0 production were obtained by nor­
malizing all events (each topology) to the corresponding 
(semi-)inclusive cross sections for these reactions, as obtained else­
where [8,9]. Uncertainties in the measured total (topological) cross 
sections, but no other systematic effects, were included in the errors. 
The results of the fits are consistent, as can be seen by comparing the 
sum of the fits to the semi-inclusive cross sections to the fit to the 
inclusive distribution. 
In figures III.12 and III.13, the quantities describing the 
semi-mclusive p 0 production are plotted as a function of the topology 
for the four reactions. The following conclusions can be drawn, and 
hold true for both types of background parameterizations: 
1. The number of p 0 resonances produced per event, <p0>, increases with 
topology for all four reactions. 
2. On the average, <p0> is a factor 1.5 to 2 larger in meson-proton 
collisions than in proton-proton collisions (see also tables III.4 
and III.6). This difference, however, seems to vanish with increas­
ing topology. 
3. The ratio of ρ 0 to π" is consistent with it being independent of to­
pology. For pp —» p 0 this same conclusion has been drawn from data 
at 205 GeV/c incident beam momentum [5b]. 
Although these three conclusions hold for both background descriptions 
the P 0 cross section is determined to be 25 % lower with the second 
parameterization than with the first one. Moreover, the estimated a-
mount of f meson production increases substantially when going from the 
first to the second parameterization. 
In figure III. 14, the inclusive cross sections for p 0 production, 
as obtained with III.7, are given as a function of the squared cm ener­
gy s, and are compared with to the results obtained at other energies 
[1-5]. Our points obtained with III.8 are indicated by filled symbols. 
The datapoints are collected in table III.7. In general, our cross sec­
tions are consistent with measurements at other energies, where a com-
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sections as functions of the topology. 
(Obtained using background from 111.7.) 
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Table III.7 
Total inclusive ρ cross sections. 
Plab 
(GeV/c) 
π
+
ρ -» ρ
0 
6.0 
8.0 
15.0 
16.0 
22.0 
32.0 
147 
s 
(GeV2) 
12.2 
15.9 
29.1 
30.9 
42.2 
61.9 
276.3 
σ (Ρ1 
(ть: 
3.34 
3.10 
5.07 
4.76 
6.03 
5.9 
8.59 
± 
± 
± 
± 
± 
± 
± 
э) 
Ι 
0.36 
0.39 
0.34 
0.40 
ο.7ΐ· 
1.2 
0.64 
réf. 
[Ia] 
[lb] 
[1c] 
[lb] 
[la] 
[Id] 
[This thesis] 
π ρ —» ρ
0 
8.0 
15.0 
16.0 
40.0 
100 
147 
205 
300 
15.9 
29.1 
30.9 
76.0 
188.6 
276.3 
385.6 
563.9 
3.2 
4.72 
4.74 
5.8 
7.65 
8.62 
8.54 
8.55 
± 
± 
± 
± 
± 
± 
± 
± 
3.2 
0.37 
0.40 
1.4 
0.46 
1.19 
0.41 
0.17 
[2a] 
[2b] 
[2e] 
[2g] 
[2f] 
[2d, this thesis] 
[2c, 2f] 
[2f] 
Κ
+
Ρ -» ρ
0 
32.0 
70.0 
147.0 
61.2 
132.5 
276.5 
3.4 
3.7 
5.3 
± 
± 
± 
0.3 
0.5 
1.4 
[3a] 
[3b] 
[This thesis] 
Κ"? -> ρ0 
10.0 
16.0 
32.0 
70.0 
110 
19.9 
31.2 
61.2 
132.5 
207.6 
2.80 
2.9 
4.2 
3.81 
5.05 
± 
± 
± 
± 
± 
0.40 
0.4 
0.8 
1.03 
0.64 
[4a] 
[4a] 
[4b] 
[4c] 
[4d] 
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Table III.7 (continued) 
P l a b s σ(ρ
0) réf. 
(GeV/c) (GeV2) (mb) 
PP -» Ρ 0 
12. 
24. 
69. 
147 
150 
205 
296 
300 
405 
498 
1060 
1468 
1485 
2114 
0 
0 
0 
24.4 
46.8 
131.3 
277.2 
283.3 
386.5 
556.8 
564.7 
761.8 
936.3 
1989 
2756 
2788 
3968 
1.80 
3.49 
6.04 
7.97 
8.6 
10.4 
12.4 
11.0 
13.2 
18.3 
20.6 
22 
24.3 
20.9 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
0.25 
0.42 
1.15 
1.04 
2.5 
3.1 
1.7 
5.0 
2.9 
2.2 
1.9 
5 
2.1 
2.4 
[5a] 
[5a] 
[5f] 
[This thesis] 
[5g] 
[5b] 
[5d] 
[5h] 
[5e] 
[5d] 
[5d] 
[5i] 
[5d] 
[5d] 
parable background parameterization was used. 
The curves shown in figure III. 14 are fits to the forms: 
a(s) = b-ln s + с for Mp -> p 0 , (III.13) 
and o(s) - a-ln2s + с for pp —> p 0 , (III.14) 
with H = π* or К*. In the fits only the open symbols are used. The va­
lues for the parameters a, b and с obtained with these fits are given 
in table III.8, together with the values resulting from fits to 
a(s) = a-ln2s + b-ln s + с. (III.15) 
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Table III.8 
Results for the fits to the energy dependence of the 
p 0 production cross sections. 
π
+
ρ - > ρ
0 
( І І І . І З ) 
( I I I . 1 5 ) 
X2/ND 
4.16/5 
3 . Π / 4 
a 
-1.36 
- 3 . 2 
(mb) 
± 
± 
0.15 
2.8 
b (mb) 
1.82 ± 0.04 
2.8 ± 1.5 
с (mb) 
-
-0.13 ± 0.19 
π-ρ -^ p° 
( I I I . 1 3 ) 
( I I I . 1 5 ) 
2.99/7 
1.54/6 
0.19 
- 3 . 3 
± 
± 
0.25 
2.9 
1.34 ± 0.06 
3.0 ± 1.4 
-
-0.18 ± 0.15 
K+P - > P 0 
( in.13) 
( I I I . 1 5 ) 
0.60/1 
0.49/0 
0.4 
2.9 
± 
± 
2.7 
1.3 
0.73 ± 0.61 
-0.40 ± 0.05 
-
0.12 ± 0.07 
K-p - > P 0 
( I I I . 1 3 ) 
( I I I . 1 5 ) 
PP - ^ P 0 
( I I I . 1 4 ) 
( I I I . 1 5 ) 
1.15/3 
1.07/2 
9.P5/12 
7.72/11 
- 0 . 1 
1.71 
-2.03 
1.9 
± 
± 
± 
± 
0.4 
0.57 
0.34 
3.2 
0.93 ± 0.29 
0.00 ± 0 . 0 6 
-
- 1 . 7 ± 1.4 
-
0.11 ± 0.04 
0.37 ± 0.18 
0.54 ± 0. 14 
III.6 Longitudinal and transverse dependence of p 0 production. 
Using the same procedure as described above, the differential p 0 
production cross section was determined as a function of the Feynman 
о 
scaling variable x, and the transverse variables p ^ and E t. The quali­
ty of these fits is comparable to the topology dependent ones. 
In figure III.15, the invariant production cross section of 
p0-mesons is plotted as a function of χ for the four reactions studied. 
In reaction (III.4), pp —> ρ 0 + X, one would expect the contributions 
to be equal in the forward and backward hemispheres. The result seems 
to agree with this expectation, suggesting that no large systematic er­
rors are made in either hemisphere. The x-dependence of pp —» ρ 0 and 
K+p —> ρ 0 both appear symmetric; for the latter the errors are large, 
however. On the other hand, p 0 production from π" and π- appears much 
flatter in the forward than in the backward direction. The x-dependence 
in the backward region of reactions (III.1-III.3) is the same as that 
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of reaction (III.4), in agreement with the expectation from proton 
fragmentation. 
In order to obtain an estimate of the influence of diffraction 
dissociation on the x-dependence of P 0 production, we used two methods 
of removing diffractive events from the data sample. First (method I), 
we removed all events having an identified proton with χ < -0.88. Sec­
ondly (method II), we considered all events diffractive that had their 
largest rapidity gap next to the slowest particle in the laboratory, 
and that in addition had the Feynman-x of this particle χ ¿ -0.75. A 
more detailed description, and a comparison of the two methods is given 
in the appendix. After removal of the diffractive events, we redeter-
mined the x-distnbutions of the p0. In figures III. 16 and III. 17 the 
results of the fits without the diffractive events are shown. From 
these figures it can already be concluded that diffraction dissociation 
is not the only mechanism that contributes to the high forward p0 pro-
duction in πρ interactions, as compared to K+p and pp interactions. For 
completeness we show in figures III.18 and III. 19 the amount of ρ 0 pro­
duction in the events that are considered to be diffractive using the 
cuts applied. A comparison of these figures shows that the first selec­
tion procedure is somewhat stronger then the second one. 
Up to now we have discussed the particle production in the frag­
mentation regions. However, the main bulk of particles is produced cen­
trally. Due to the relatively low momenta of the original partons in­
volved, and due to the large number of particles, a prediction on the 
basis of the distributions of the incoming partons is very complicated. 
Because of the same large number of particles, a thermodynamic approach 
might be succesful. 
We have determined the non-Lorentz-invanant p 0 production cross 
section as a function of the transverse momentum squared. Using these 
results we h 
pie formula: 
_J do 
2тга dp,.' 
ave fitted the slope of the 0 cross sections using a sim-
1 d
° - e"
B P t 2
, (III. 16) 
ρ ρ 
in the range p t < 2 (GeV/c) . The results, presented in table III.9, 
are all consistent with the average value for В of 2.6 (GeV/c) . No 
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Table III.9 
do(p0)/dpt
2
 fitted to exp(-Bpt
2
 ) for p t
2
 < 2 (GeV/c)2. 
all χ !x| < 0.1 
X2/DF В (GeV/c)~2 x2/DF В (GeV/c)"2 
(Background form III.7) 
3.79/Ц 2.78 ± 0.17 1.80/4 2.ИЗ ± 0.30 
0.61/4 2.92 ± 0.40 2.78/4 2.68 ± 0.60 
0.16/2 2.50 ± 0.63 0.23/2 2.14 ± 0.53 
3.64/4 2.27 ± 0.24 2.99/4 2.45 ± 0.39 
(Background form III.8) 
π
+
ρ —> ρ
0
 4.59/4 2.94 ± 0.19 2.37/4 2.86 ± 0.35 
π"ρ —» ρ
0
 1.09/4 2.90 ± 0.43 4.66/4 2.40 ± 0.61 
K +p —> p 0 0.12/1 2.93 ± 0.97 0.69/2 2.76 ± 0.71 
ΡΡ -> p 0 3.43/4 2.18 ± 0.24 3-91/4 3.35 ± 0.58 
significant difference can be observed between the results obtained 
with the two different background parameterizations. As the p t depen­
dence may be phase space dependent (the seagull effect) we have also 
determined the slopes for the central region only (|x| < 0.1). These 
values are, within errors, identical to the values of В obtained for 
all x. 
It has been pointed out [10] that the non-invariant transverse 
spectra of inclusively produced particles may be parameterized by a 
Bose-Einstein function: 
_J d σ
 Œ ] i (III.17) 
2ra Edy EtdEt ' (exp(Et/T) - 1)' 
ρ 2 1 /? 
where E t is the transverse energy (pt + M ) . The slope parameter Τ 
was shown to have a common value of 120 MeV in the central region, in­
dependent of the mass of the produced system. As this result was obta­
ined using only data at a relative low center of mass energy 
( VS = 4-5.6 GeV), we repeated this measurement at the higher energy 
(Vs = 16.5 GeV) available in this experiment. 
In figure III.20 the non-invariant and in figure III.21 the invar­
iant distribution is shown as a function of the "transverse kinetic en-
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Figure 111.20. Non-lnvarïant transverse dependence 
of л" and p0 production In the central region. 
p0 obtained with background form 111.7 (full) or 
111.6 (dotted). The full and dotted curves are 
fits to III.17, the dashed curves to III.19. 
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Figure 111.21. Invariant transverse dependence 
of n" and p0 production In the central region. 
30 
111. 6 (dotted) 
fits to III.17, 
P" obtained with background form 111.7 (full) or 
The full and dotted curves are 
the dashed curves to III.19. 
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ergy" E t- M, for both the inclusive produced P
0
 resonances and IT" me­
sons. We have defined the central region by the same cuts as in ref. 
[10]: ly*! < 0.1 for the pions and |у*| < 0.5 for the ρ 0. The solid 
curves show the fits according to the form (III. 17). It is clear that, 
unlike the observations at lower energies, the shape of the 
non-invariant o 0 distributions deviate from those of the π - distribu­
tions. The π~ functions are in agreement with a value for the slope 
parameter Τ of 120 MeV, but the fits to the p 0 distributions all give a 
value that is consistently higher. The results of these fits are given 
in table III. 10a. As it is not clear either the invariant or the 
non-invariant cross sections have to be used, we have also included the 
results of similar fits to the invariant distributions. Using the in­
variant distributions, we find that both the ч~ and ρ 0 fits are in 
agreement with a value for Τ of about 190 MeV. In table III.10b we have 
listed the values obtained when we use the simple Maxwell-Boltzmann ex­
ponential : 
exp(-(Et-M)/T). (III.18) 
From figure III.20 it can be seen that the fits according to 
(III. 17) seem not to be in good agreement with the non-invariant τ -
distributions. The idea has been suggested that the temperature in an 
individual event is connected with the transverse acceleration of the 
incoming particles during the collision. Consequently this temperature 
is correlated with the impact parameter between the two initial hadrons 
[11a,b]. This idea directly implies a large non-statistical fluctuation 
of the temperature for different individual events. The distribution of 
the kinetic energy, accounting for this non-statistical fluctuation, 
can be described by the following two parameter formula proposed by 
Barshay [11]: 
-! 2-H = exp [-(-£) ·1η(1 + _S 1 )}. (III.19) 
2πσ Edy E tdE t ot V 
In this formula, T 0 can be interpreted as the average temperature and 
σ. as the non-statistical fluctuation of this temperature for different 
individual events. For o t —> 0 formula (III. 19) reduces to the simple 
Maxwell-Boltzmann form (III. 18). Results of the fits to (III. 19) are 
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shown in table III. 10c and, for π" production only, by dashed lines in 
figures III.20 and III.21. For the pion distributions the E t depen­
dence seems to be better described by fornula (III.19) than by 
(III. 17), but no significant improvement is observed for the P 0 distri­
butions. For the non-invariant distributions the average temperature 
and the fluctuation parameter seem to be consistently higher for p 0 
than for π" production. Like the fits to (III. 17) the values seem to be 
alike in the case of the fits to the invariant distributions. The rela-
Table III. 10 
E t dependence of the non invariant distributions in the cen­
tral region fitted in the ranges Et-M < 1 GeV for p
0
 and 
Et-M < 1.5 GeV for π
-
. The central region is defined by 
ly*l < 0.5 for p 0 and by |y*| < 0.1 for π -. 
Table III. 10a: E h dependence fitted to eq. III. 17. 
Non-invariant Invariant 
X2/DF Τ (MeV) X2/DF Τ (MeV) 
(Background form I I I . 7 ) 
π
+
ρ -> p 0 1.5/3 183 ± 56 1.2/3 174 ± 31 
π"ρ —> ρ
0
 1.7/3 148 ± 67 0.2/2 160 ± 41 
K+p -> p 0 0.0/0 212 ± 180 0.0/0 236 ± 101 
pp -> p 0 0.5/3 260 ± 61 0.7/3 224 ± 39 
(Background form III.8) 
π
+
ρ —> ρ
0
 0.2/2 202 ± 49 2.1/3 150 ± 29 
π"ρ -> ρ
0
 0.2/1 201 ± 80 0.7/2 172 ± 69 
K+p -» p 0 0.2/1 129 ± 33 no successful fit 
pp -> p 0 0.8/2 213 ± 56 2.8/3 194 ± 50 
( тг- production) 
π
+
ρ -> π" 172/73 126 ± І 128/73 192 ± Τ 
π"ρ -> π" 125/65 117 ± 2 89/65 180 ± 4 
K+p -^ π" 63/55 123 ± 3 52/55 194 ± 7 
pp -^ π" 253/73 124 ± 1 79/73 195 ± 2 
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Table III.10b: E t dependence fitted to eq. III.18. 
(Background 
π
+
Ρ -> Ρ
0 
ΤΤ~ρ -^ ρ
0 
K +P -* Ρ 0 
PP -> Ρ 0 
(Background 
forra 
form 
III 
III 
Non-
X 2/DF 
.7) 
1.05/3 
1.70/3 
0.00/0 
0.50/3 
.8) 
invariant 
Г (MeV) 
183 ± 54 
118 ± 70 
209 ± 156 
257 ± 57 
Invariant 
X 2/DF 
1.23/3 
0.23/2 
0.00/0 
0.70/3 
Τ (MeV) 
173 ± 31 
160 ± 40 
233 ± 88 
222 ± 38 
π
+
Ρ -> Ρ 0 
π
-
ρ —> ρ
0 
Κ
+
Ρ -> Ρ 0 
ρρ —» ρ" ff ' Μ 
(π~ production) 
0.21/2 201 ± 48 
0.22/1 200 ± 78 
no successful fit 
0.80/2 212 ± 55 
2. 11/3 149 ± 29 
0.75/2 171 ± 69 
no successful fit 
2.83/3 194 ± 49 
ττ
+
ρ —> π 
-г
-
р —> π
-
Κ
+
ρ —> π
-
PP —> π~ 
261/73 
158/65 
76/55 
382/73 
116 ± 1 
109 ± 2 
113 ± 3 
114 ± 1 
104/73 
97/65 
53/55 
123/73 
170 ± 
159 ± 
168 ± 
170 ± 
2 
3 
5 
2 
Table III. 10c: E h dependence fitted to eq. III.19. 
Non-invariant 
X^/DF T 0 (MeV) at (MeV) 
I n v a r i a n t 
X2/DF T0 (MeV) at (MeV) 
(Background form III.7) 
-^p -> P" 
π-ρ -^ p0 
K+p -> P0 
PP -- " 0 
0.97/2 149 ±110 51 ± 46 
1.57/2 108 ± 111 42 ± 24 
no successful fit 
p- 0.51/2 258 ± 5 6 0 ± 349 
0.54/2 121 ± 57 53 ± 12 
0.22/1 150 ± 94 28 ± 95 
no successful fit 
0.74/2 223 ± 3 8 0 ± 141 
(Background form III.8) 
τ
+
ρ —> p 0 0.20/1 178 ± 191 44 ± 128 
π-ρ —> p 0 0.00/0 201 ± 7 7 0 ± 316 
K+p —> p 0 no successful fit 
pp -^ p0 0.82/1 213 ± 57 0 ± 184 
2.01/2 127 ± 7 1 41 ± 38 
0.36/1 106 ± 100 50 ± 20 
no successful fit 
2.88/2 195 ± 5 0 0 ± 93 
( τι- production) 
π
+
ρ —> π" 93/72 92 ± 2 26 ± 1 
π-ρ —» π
-
 89/64 80 ± 4 26 ± 1 
K +p -> тг Ц7/54 84 ± 6 28 ± 1 
pp -> π" 73/72 84 ± 2 28 ± 1 
93/72 157 ± 4 29 ± 4 
87/64 136 ± 8 35 ± 4 
49/54 142 ± 1 3 39 ± 6 
67/72 142 ± 4 39 ± 2 
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tive fluctuation, ο./Ί , has a value of approximately 0.3, the same 
value that was found in low energy nucleon-antinucleon annihilation 
[11]. 
III.7 The spin density matrix. 
Resonances can not only supply information on production mechan­
isms through their longitudinal and transverse dependences, they can 
also do so through their decay distributions. We have attempted to de­
termine the spin density matrix elements in the t-channel helicity 
(Gottfried-Jackson) and the t-channel transversity frames for forward 
p 0 production. Because of the large combinatorial background under the 
p 0 signal, the situation is much more difficult here than in the rela­
tively background free case of, for example, К production [12]. In 
order to obtain a reasonable signal to background ratio we have res­
tricted ourselves to the pion beam reactions (III.1) and (III.2), and 
used only π + π - combinations with Feynman-x above 0.5. In this region 
the signal to background ratio is about 1. 
Examination of the moments of the spherical harmonics for differ­
ent mass bins, reveals a non-negligible amount of P-wave contribution 
outside the p 0 mass region (defined here as between 0.725 and 
0.825 GeV). To get a clean p 0 signal we therefore subtracted from the 
angular distribution of the combinations within the p 0 mass region, the 
angular distribution of the combinations that are in mass bands with 
negligible p 0 contribution (0.625 GeV < M < 0.675 GeV and 0.875 GeV 
< M < 0.925 GeV). This sample was fitted using a maximum likelihood 
function describing the decay 1~ —> 0" + 0". Inclusion of an S-wave 
background did not seem to be necessary as it hardly changed the P-wave 
matrix elements. The results, given in table III. 11, indicate that ρ 
is the largest and most significant element in the two reference sys­
tems, both in π+ρ and π~ρ interactions. 
From the results in the Gottfried-Jackson system one can calculate 
the fraction of the p 0 production that occurs via unnatural parity ex­
change: ρ = ρ + Ριι _Ρ_ι_ιι using the relations between the density 
matrix elements of a spin-1 particle: p ^ = P_-|_i a n^ 
P11 + pnn + p-l-l = 1· 0ne obtains in both cases for the unnatural par-
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ity exchange a value is in the neighbourhood of 85 %. Within the uncer­
tainties, this result is in agreement with what is observed in forward 
K+p —> K* production [12a]. 
A consideration based on quark kinematics gives predictions for 
the matrix elements in the t-channel transversity frame [13]. The pred­
icted value of 1/3 for p 0 0 is a factor of two above the measured value, 
shown in table III. 11. 
Table III. 11 
a) Spin density matrix elements for p 0 production in the 
Gottfried-Jackson frame. 
тг
+
 beam π - beam 
P 0 0 0.384 ± 0.021 0.594 ± 0.091 
P 1_ l -0.135 ± 0.016 -0.060 ± 0.024 
Re(P 1 0) -0.034 ± 0.012 -0.002 ± 0.025 
p., 0.827 ± 0.024 0.857 ± 0.105 
b) Spin density matrix elements for p 0 production in the 
t-channel transversity frame. 
π
+
 beam
 π
 beam 
p 0 0 0 .173 ± 0.014 0 .177 ± 0 .042 
Re(p .,_.,) 0.030 ± 0.020 - 0 . 1 8 3 ± 0 .068 
I m C p ^ , ) - 0 . 0 4 9 ± 0.016 - 0 . 0 0 2 ± 0 . 0 3 3 
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IV The models. 
In this chapter models that have been proposed to describe multi-
particle production will be discussed. As was mentioned in the intro-
duction we will restrict ourselves here to those models that give a 
description in terms of quarks and partons, of the particle production 
in the fragmentation region. As no deep understanding exists for low pt 
hadron-hadron interactions, the models discussed are to a large extent 
phenomenological. They are attempts to relate the observations in dif-
ferent types of high energy interactions (e+e-, Deep Inelastic Scatter-
ing, hadron-hadron interactons at low and at high p^) to one common 
underlying mechanism, and to the theory of Quantum Chromo Dynamics 
(QCD). 
The models that will be discussed are: 
1. The Dimensional Counting Rules. 
2. The Quark Recombination Model. 
3. The Valon Model. 
4. The Quark Fragmentation Model. 
In the next sections we will give an overview of the four models, 
starting with a sketch of their historical evolution, and will apply 
some of the different aspects of these models to the data in this ex-
periment, in particular to the production of the p 0 as determined in 
section 4 of the previous chapter. 
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IV.1 The dimensional counting rules. 
Using dimensional arguments, it has been shown that the energy de­
pendence of scattering over a large fixed angle of two systems, each 
composed of elementary fermions (leptons or quarks), is governed by the 
relation : 
dn 2 - (N.+N
n
+N
r
+N
n
) 
4%- (A+B -> C+D) « s А В С D
 f ( t / s ) 
^ (A+B -> C+D) « s " " " u f(t/s) (IV.1) 
where N., Ng, Np, and Np are the number of leptons or quarks in each of 
the systems A, B, C, and D [1], s is the cm-energy squared and t is the 
four-momentum transfer squared. Blankenbecler and Brodsky [2] have 
shown that the counting rules can also be applied to longitudinal in­
clusive production, and can then be interpreted as: 
3 
E L* (AB -> CD) « p t -
2 N
 (M 2 / s ) F f(0 ) (IV.2) 
d^p 
ρ 
for a fixed value of M / s and in the limit of the Mandelstam variables 
s,t,u —» oo. The values of N and F can be interpreted as N = n
a c t-2, and 
F = 2n -1, with η £ the number of elementary fermions taking part in 
the elementary subprocess, and η.,, the number of spectators (quarks 
present in one of the interacting hadrons, but not participating in the 
interaction on the parton-parton level). For large values of s the fac­
tor M 2/s can be approximated by 1-х (x being the Feynman variable). 
Substituting this approximation into IV.2 and integrating over the azi-
muthal angle and transverse momentum gives: 
3 ?n — 1 
S ^ Í d p 2 E 'LI ; χ*?
 ( 1 _ x ) sp { I V > 3 ) 
L
 d^p a x 
for the x-dependence of the invariant differential cross section in the 
limit χ —> 1. 
By use of the dimensional counting rule (IV.3)ι Brodsky and Gunion 
[3] predict an x-dependence of single and double fragmentation cross 
sections. Two possibilities for the interaction mechanism can be 
thought of, each leading to a different value for the number of specta­
tors, and thus to a different behaviour of the differential cross sec­
tion. 
1. Gluon exchange and 
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2. Quark exchange or annihilation. 
Both are illustrated in figure IV.1 for an arbitrary Meson-Baryon in­
teraction . 
In the case of quark exchange or annihilation a strong correlation 
should exist between the type of particles produced in the forward and 
backward hemispheres. In data obtained at the ISR no such correlation 
is observed [1]. This leaves gluon exchange as the most important con­
tribution [5]. 
In the fragmentation of, for example, π+ —> o 0 a ΰ (or d) sea 
quark has to be contained in the π+, in order to form a P0 with the u 
a.) Gluon exchange 
b) Valence quark 
exchange 
> 
c) Valence quark 
annihilation 
d) Sea quark 
exchange 
> 
e) Sea quark 
annihilation 
Figure IV.1. Various diagrams for gluon and quark 
exchange and annihilation. 
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or 3 valence quark in the final state. Two possibilities are considered 
by Gunion [5] to provide the necessary sea quark: 
1. The qq-pair is an intrinsic part of the π + bound state, or 
2. the qq-pair is created "pointlike" during the interaction due 
to the decay of a gluon emitted from one of the valence quarks. 
The counting rule is now written as: 
xïïf = (i - χ) 2 П н + n p L ~ 1, (IV.Ц) 
with n^ the number of spectator quarks present in the hadron state, and 
Пр^ the number of spectator quarks involved in the "pointlike" creation 
process. As this "pointlike" qq-pair does not interact with the valence 
quark, npL is 2 for each creation process in the minimal configuration 
(one from the valence quark emitting the gluon, and one from the spec­
tator sea quark that is not passed to the detected hadron) . Comparison 
of the prediction with the observed value for π + production in pp in-
Table IV. 1 
§ $§ fitted with (1-x)n and with Vx(1-x)n. 
(1-x)n Vx(1-x)n 
2 2 
Χ η χ
11
 η 
(Background form I I I . 7 ) 
π
+
Ρ ^ ρ
0 
7Γ~Ρ - > ρ 0 
K+P - > ρ 0 
PP - > ρ 0 
π Ρ —» π 
π "ρ —» π
 + 
Κ
+
ρ -> π " 
PP —> τ " 
2.01 
0.28 
0.22 
2.77 
24.9 
8.45 
3.38 
33.8 
0.41 ± 0.22 
0.12 ± 0.28 
1.51 ± 2.90 
3.78 ± 2.19 
0.20 ± 0.15 
0.06 ± 0.26 
1.17 ± 1.33 
2.50 ± 1.66 
2.01 ± 0.08 
2.04 ± 0.16 
2.62 ± 0.30 
3.48 ± 0.17 
4.21 
0.62 
0.19 
3.08 
2.03 
0.06 
0.03 
0.08 
55.5 
17.6 
5.41 
40.8 
0.89 ± 0.32 
0.44 ± 0.34 
2.20 ± 3. 10 
4.91 ± 2.50 
0.50 ± 0. 19 
0.38 ± 0.32 
1.72 ± 1.63 
3.30 ± 1.35 
2.74 ± 0.09 
2.72 ± 0.18 
3.40 ± 0.33 
4.36 ± 0.18 
(Background form III.8) 
π
+
ρ -> ρ
0
 0.18 
π~ρ -» ρ
0
 0.10 
Κ
+
ρ -> ρ
0
 0.05 
ρρ -> ρ
0
 0.14 
(Forward pion production) 
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u 
d 
u}p 0 U 
Л^ - ρ
0 
пн=0. Γψι=2, η=1 
d ì Ο d dJpU 
π" - ρ
0 
пц^О, npL=2, n = l 
u
u} Ρ 0 u 
Κ
4
 - ρ
0 
n H =0, npL=2> n = l 
5}p0 d 
u 
d 
P~P0 
Пц=1, np L =2, n-3 
u 
u 
- « — a 
- « — a 
π
-
' - n-
(^,=0, npL = 4, n=3 
d 
d 
ü 
ΰ 
П^=0, Пр|^=Ц, η=3 
- ^ <r-
U 
U 
d}n" 
1^=0, прі_=Ц, n=3 
G] π" 
u 
u 
ρ -* n" 
n H = l , npL=2, n = 3 + l 
Figure IV.2. Counting r u l e diagrams Гог ρ0 and 
π product ion. 
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teractions leads to the conclusion that the "pointlike" creation pro­
cess gives the dominant contribution. 
In figure IV.2 the power of the (1-х) dependences are derived for 
the fragmentation processes: π 4"—> ρ0, π~ —>ρ0, Κ + — > ρ 0 and ρ —> Ρ0, 
and for π + —> π~, π - — > π + , Κ + — » π - , and ρ — > π - . In the fragmentation 
of a ρ to a π~ an extra unit is added to account for the suppression of 
the d-quark distribution inside the proton [5]. For scalar meson pro­
duction we have limited ourselves to the production of mesons with an 
charge opposite to the charge of the beam particle in order not to be 
troubled by the leading particle effect and, in the case of the K + and 
ρ beams, forward produced kaons and protons that can not be identified. 
Other possible diagrams of course exist, but they all contain a 
larger number of spectators and therefore a steeper fall with x. The 
minimal diagrams given here are the dominant ones for χ —> 1. 
Table IV.2a 
$ gf fitted with (1-x)n and with Vx(1-x)n. 
Diffractive events removed with method I. 
(1-x)n V¡r(1-x)n 
2 2 
Χ η χ " η 
(Background form I I I . 7 ) 
π
+
ρ - > p u 2.03 
ττ"ρ —> ρ
0
 2.22 
K+p - » ρ 0 0.22 
pp -» ρ 0 1.66 
(Background form I I I . 8 ) 
тг
+
р - > ρ
0
 0.25 
π"ρ - > ρ
0
 1.23 
Κ
+
ρ - » ρ
0
 1.22 
ΡΡ - > ρ" 0.03 
(Forward pion production) 
π
+
ρ —» π" 19.9 
іг"р —» π
+
 7.75 
Κ
+
ρ -> π" 5.77 
ρρ —> τΓ 37.8 
0.79 ± 0.37 3.28 1.50 ± 0.57 
0.08 ± 0.43 2.86 0.34 ± 0.И9 
1.33 ± 1.97 0.17 2.14 ± 2.35 
5.82 ± 4.45 1.74 7.11 ± 4.45 
0.41 ±0.12 1.12 0.71 ± 0.14 
0.18 ± 0.41 1.36 0.51 ± 0.51 
0.80 ± 0.96 1.44 1.38 ± 1.59 
4.88 ± 3.51 0.34 4.54 ± 2.28 
2.12 ± 0.09 46.4 2.86 ± 0.10 
2.12 ± 0.17 16.0 2.81 ± 0.19 
2.78 ± 0.34 8.13 3.61 ± 0.38 
3.53 ± 0.17 44.1 4.42 ± 0.18 
- 88 -
Up to now, only a few results have been published that compare the 
power law behaviour of the longitudinal distributions of vector meson 
production with the predictions of the counting rules [6]. We have fit­
ted the function (1-x)n to the forward part of the invariant differen­
tial cross sections of p 0 and π -(π +) production. The distributions were 
fitted in the region 0.0 < (1-х) < 0.8 for p 0 , and 0.2 < (1-х) < 0.8 
for π" production. As χ > 0.2 is not the region where the counting 
rules are expected to be valid we introduced a factor Vx to account for 
the intermediate χ behaviour of the hadron valence quarks. The use of 
this factor is justified by measurement of the valence quark distribu­
tion function inside mesons when using Drell-Yan type processes, 
hadron-hadron —> muon-muon, where such an χ dependence has been ob­
served [7]. 
The fits to the pion spectra were not done up to χ = 1.0 because 
Table IV.2b 
§ $? fitted with (1-x)n and with Vx(1-x)n. 
Diffractive events removed with method II. 
(1-x)n Vx(1-x)n 
2 2 
Χ η χ
£
 η 
(Background form I I I . 7 ) 
π
+
ρ —> p° 1.67 0.45 ± 0.25 3-63 0.95 ± 0 . 3 6 
π"ρ —> ρ
0
 0.41 0.13 ± 0.35 0.79 0.47 ± 0.44 
K+p - > P0 0.05 КЗ1» ± 3.67 0.03 2.02 ± 3.75 
pp —> p 0 2.62 5.02 ± 2.06 4.2 4.39 ± 1.40 
(Background form I I I . 8 ) 
7τ+ρ —> P0 0.13 0.23 ± 0.24 1.54 0.62 ± 0.33 
π"ρ - > ρ
0
 0.28 0.07 ± 0.21 0.18 0.40 ± 0.26 
K+p - > p 0 0.01 1.03 ± 1.73 0.01 1.62 ± 2.59 
pp —> P0 0.53 5.70 ± 3.12 0.04 4.83 * 1-75 
(Forward pion p r o d u c t i o n ) 
π
+
ρ —» π
-
 25.5 2.08 ± 0.09 54.8 2.82 ± 0.10 
π"ρ —> π
+
 7.25 2.01 ± 0.17 15.4 2.69 ± 0.19 
K+p - > π - 2.49 2.77 ± 0.32 4.22 3.57 ± 0.35 
pp - » π~ 38.1 3.46 ± 0.17 45.1 4.35 ± 0 . 1 8 
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Figure IV.3. The ρ0 distributions In the forward 
hemisphere as functions of log (1-х), obtained 
using background forms III.7 (full), and 111.8 
(dotted). The curves are fits to the forms (l-x)n 
(full and dotted resp.) and J"x(l-x)n 
(dashed and dash-dotted) . 
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in the extreme forward region (x > 0.8) deviations from the (1-x)n be­
haviour occur. The excess observed has been attributed to Triple Regge 
[8] and/or large indirect (resonance) pion production [9]. In table 
IV.1 we give the results of these fits. For each beam particle there 
are two entries for the p 0; one for each of the two background parame­
terization functions III.7 and III.8. In table IV.2a and IV.2b we give 
the results obtained when excluding diffractive events, using method I 
in table IV.2a, and method II in IV.2b. The quality of the fits to the 
p 0 distributions is good, but the pion distributions are poorly fitted 
by the power law dependence. 
The results of the fits with the use of the factor Vx are consis­
tent with the (1-x)n behaviour predicted by the counting rules. In the 
figures IV.3 and IV.4 the results of these power-law fits are shown to­
gether with the data (note the horizontal scale where log (1-х) is 
plotted, and increases from right to left). 
IV.2 The quark recombination model. 
As has been observed by Ochs, there exists an empirical relation 
between the shape of the quark distribution in the proton as measured 
in Deep Inelastic Scattering, and the shape of the inclusive pion dis­
tribution in high energy proton-proton collisions [10]. This observa­
tion has lead several authors [11,12] to the formulation of a model for 
low p t hadron production in the fragmentation region. The model can be 
described by the following (L. Van Hove [13]): 
"The picture says the following. At very high energy, 
non-diffractive collisions of low p t type are characterized 
by excitation of the set of gluonic constituents of the inci­
dent hadrons, the valence quarks tending to fly through with 
retention of their original fraction χ of incident momentum. 
These valence quarks hadronize by recombination with each 
other and/or with additional low-x partons from the parton 
sea (q, q, and gluons); they produce in this way the outgoing 
hadrons in the fragmentation regions (regions of medium and 
high χ of either sign). As to the hadrons produced in the 
- 92 -
central region (low-x region), they mainly result from ha-
dromzation of the excited gluon sea." 
The Feynman-x distribution of the produced particles 
(x = Р/р/Рщс^ 1 S approximately equal to the momentum distribution of 
the valence quarks in the incident hadron, provided the quark recombi­
nation mechanism is the mechanism contributing the most in the region 
of intermediate and high x. A quantitative description was proposed by 
Das and Hwa [12], and has been critized and improved by a number of au­
thors [13-17]. 
The parameterization of the process is determined by two factors: 
1. The Lorentz-invanant joint probability distribution F(x
v
, x
s
) 
of finding a valence quark (antiquark) with momentum fraction 
χ , and a sea antiquark (quark) with momentum fraction x
s
 in­
side the hadron. 
2. The probability R(x,· x
v
, x
s
) of the recombination of the va­
lence quark (antiquark) with the sea antiquark (quark) to give 
a meson with momentum fraction χ = x
v
 + x
s
. 
The convolution of these factors gives the parameterization of the in­
variant distribution as: 
X X 
£ £f = ƒ dx
v
 /v dx g F(xv, x s) R(x; χ ν, x s ) . (IV.5) 
о о 
The probability and recombination functions have been discussed by var­
ious authors. As this so-called quark recombination model (QRM) intends 
to describe particle production in the beam and target fragmentation 
regions, the valence quark that will recombine into the final particle 
has a momentum fraction much higher than that of the sea partons m the 
incident hadron. Therefore, it can be assumed that the joint probabili­
ty distribution is uncorrelated and thus factonzable [12,15]: 
F(x
v
, x
s
) = F
v
(x
v
) · F
s
(x
s
) · p(x
v
,x
s
), (IV.6) 
where F (x ) denotes the valence quark distribution, F
s
(x
s
) the sea 
quark distribution and p(x
v
,x
s
) a phase space factor which vanishes for 
x
v
 + x
s
 —> 1. In [16] it is proposed to use for ρ the form 
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p(x
v
,xg) α: (1 - x v - x s ) ¿ ' for a fragmenting baryon, and 
p(x ,x ) α (1 - χ - Xg) for a meson. From counting rules it follows 
that к = 1, but к is left as a free parameter to adjust the model to 
the data. 
In [12] and [18] it is argued that the recombination function 
R(x; χ , х„) must be scale invariant, and conserve momentum: 
R(x; x
v
, x
s
) = R(b!., ^ s) . Ô (i - ibi - iâ). (IV.7) 
The recombination function should vanish if χ —> 0, and have a symme­
tric form. In [12], it is therefore, proposed to use the form 
RC-V -A) œ (_v -j^ ) , where к has the same value as in the phase space 
factor . 
Substitution of the functions R and F in equation IV.5, and inte­
grating over χ yields the following formulas, for mesons and protons, 
respectively [16]: 
£ â f ( M p ^ p 0 ) - — /dy yFv(y) Fs(x-y) [ У ( х ; У ) ] к - 1 , (IV.8a) 
X o x¿ 
(1 x ) 2 k ~ 1 χ 
é Ш (PP -» Ρ0) - / dy yFv(y) F«(x-y) [ y ( ) (; y )] 2 k- 1. (IV.8b) 
χ o x¿ 
For the valence and sea quark distributions in pions and kaons we 
used the forms Fv(xv) « Vxv(1-xv)k and Fs = (l-Xg)"1, with m fixed at 6. 
We used the function F both with and without the factor Vx in front of 
the (1-х) term. If protons are the incoming particles, it has been 
shown [It] that meson production is described well by the recombination 
model with the use of the structure functions derived from lepton pro­
duction [19]. Therefore, this parameterization of the valence quarks 
distributions in the proton was used. 
The results of fits to the data for p 0 production with the use of 
equations IV.8a and IV.8b are given in tables IV.3 and IV.4, and curves 
based on these fits are shown in figure IV.5. In the fit procedure the 
normalization was left a free parameter. 
The results for к varied only slightly when the value of m was 
changed between 3 and 10. The values of к associated with p 0 production 
are consistent with the values obtained for kaon and pion production 
[16,20], provided the factor Vx is included in the meson valence quark 
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function F . 
We did not compare the recombination model with forward pion pro­
duction as the incoming mesons have no valence quarks in common with an 
outgoing pion of the opposite charge. Comparison with an outgoing pion 
of the same charge requires particle identification and removal of the 
leading particle effect. 
Table IV.3 
$ gf fitted to forms IV.8a and IV.8b with the valence quark 
distributions Vx(1-x)k and with (1-x) k, and as given by Field 
and Feynman [20]. _ ^ 
VxCI-x)14 (l-x) k 
X^ к Х^ k_ 
(Background form III.7) 
π
+
ρ -> ρ
0
 1.47 0.76 ± 0.10 
0.31 0.62 ± 0.14 
0.22 1.24 ± 1.27 
2.72 0.49 ± 0.38 (F
v
 from [20]) 
(Background form II1.8) 
π ρ —» 
K+p -> 
PP -> 
Ρ
0 
Ρ
0 
Ρ
0 
0.47 
0.37 
0.26 
0.53 ± 0.08 
0.43 ± 0.10 
0.82 ± 1.29 
π
+
ρ —> ρ
0
 0.05 0.66 ± 0.07 
π"ρ —» ρ
0
 0.14 0.59 ± 0.12 
K +p -> p0 0.06 1.11 ± 0.59 
1.18 
0.82 
0.16 
0.48 ± 0.05 
0.40 ± 0.10 
0.84 ± 0.51 
pp -> p0 0.61 0.13 ± 0.27 (F
v
 from [20]) 
(Forward pion production) 
PP -> π" 33.5 0.11 ± 0.02 (F
v
 from [20]) 
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Table IV.Ча 
g af fitted to forms IV.8a and IV.8b with the valence quark 
distributions Vx(1-x) and with (l-x)14, and as given by Field 
and Feynman [20]. 
Diffractive events removed with method I. 
(Background fc 
*
+p -> P 0 
π-ρ -> p 0 
K+p -^ p 0 
pp -> P 0 
(Background fo 
π
+
ρ -> ρ
0 
π-ρ -> ρ
0 
K +p -> P 0 
PP -» Ρ 0 
(Forward pion 
PP -> ^ -
irm 
rm 
X2 
III.7) 
1.58 
2.28 
0.21 
1.53 
III.8) 
1.23 
0.45 
0.04 
0.25 
production) 
37.2 
V!r(1-x)k 
к 
0.92 ± 
0.60 ± 
1.14 ± 
0.77 ± 
0.78 ± 
0.62 ± 
1.16 ± 
0.55 ± 
0.12 ± 
0.15 
0.20 
0.84 
0.65 
0.11 
0.17 
1.78 
0.67 
0.02 
<
F
v 
С
р 
(р 
from 
from 
from 
X 2 
0.31 
1.63 
0.23 
[20]) 
0. 18 
0.38 
0.06 
[20]) 
[20]) 
(1-x)k 
к 
0.67 ± 0.11 
0.ЦЧ ± 0.17 
0.80 ± 0.66 
0.55 ± 0.08 
0.1J3 ± 0.13 
0.74 ± 1.53 
Table IV.4b 
Diffractive events removed with method II. 
(Background fo 
π
+
Ρ -> ρ
0 
τΓρ -» ρ
0 
Κ
+
Ρ -> ρ
0 
ΡΡ -> ρ
0 
(Background fo 
π ρ —» ρ 
π Ρ —> ρ 
Κ
+
ρ -»
 Ρ
0 
ΡΡ -> ρ
0 
(Forward pion 
PP -> π" 
irm 
rm 
χ
2 
III.7) 
0. 19 
1.35 
1.22 
2.23 
III.8) 
0.05 
0.36 
0.00 
2.14 
production) 
37.9 
Vx(1-> 
0.76 
0.64 
0.94 
0.83 
0.67 
0.59 
1.04 
0.23 
0.11 
V 
± 
± 
± 
± 
± 
± 
± 
± 
± 
0.06 
0.19 
0.52 
0.57 
0.11 
0.10 
0.76 
0.46 
0.02 
<
F
v 
(Fv 
(FV 
from 
from 
from 
2 
X 
0.20 
1.74 
1.03 
[20]) 
0.91 
1.33 
0.00 
[20]) 
[20]) 
(1-* 
0.59 
0.45 
0.69 
0.47 
0.41 
0.77 
к 
± 0.05 
± 0.14 
± 0.35 
±0.08 
± 0.08 
± 0.64 
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Figure IV.S. The same ρ 0 distributions as In 
figure IV.3. The curves are fits to the formulas 
IV.8a and b. In a ) , b) and c) the distribution 
functions used are of the form -Гх(1-х) к (full 
and dotted resp.) and (l-x) k (dashed and dash-
dotted) . In d) this function is taken from C20I1. 
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IV. 3 The valon model. 
Although the quark recombination model does give a phenomenologi-
cally acceptable description of the data, it contains many not well 
founded assumptions [17.21]. For example, to provide for the observed 
amount of produced hadrons it is necessary to enlarge the sea to a 
level much higher than that observed in Deep Inelastic Scattering. This 
is due to the form of the recombination function R. As R = 0 at x
s
 = 0, 
only the tall of the sea distribution contributes to the recombination 
mechanism. In other words, it is necessary to assume that the sea in a 
proton contains many more qq-pairs during collisions than in the quiet 
proton. Furthermore, the form and normalization of the recombination 
function has to be made more plausible. The recombination is assumed to 
occur instantaneously with respect to the movement of the partons in­
side the hadrons (impulse approximation). The time needed to form a ha-
dron, however, will be at least comparable to the time for the partons 
to change their momenta. Also, the quark distributions seem to be dif-
ferent in interactions with low and with high Q [22]. 
The valon model can be considered a further developement of the 
recombination model, and as an attempt to cure the weak points. In this 
2 
picture the valence quark inside the hadron undergoes a Q evolution 
[23]. That is, by gluon bremsstrahlung and qq-pair creation a cluster 
is associated with each constituent quark; this cluster is called a 
ρ 
valon. The valons take over the role of the valence quarks in low Q 
interactions, while the internal structure of the valons themselves is 
probed in the high Q processes like Deep Inelastic Scattering. Besides 
the partons contained in the valons no other partons are assumed to be 
present in the hadron [22]. 
In order to parameterize the production cross section of mesons it 
is necessary to know the following four probability distributions: 
1. The momentum distribution of the valons in the hadrons. 
2. The distribution of the partons inside the valons. 
3. The "dressing up" of the bare quarks to valons. 
4. The recombination of the valons to hadrons. 
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1. If the probability to find a valon with momentum fraction y in 
a hadron is denoted by G
v
,^(y) , and we assume that all partons are con­
tained in a valon, then the following sum rules hold: 
f dy G
v / h(y) = 1, (IV.9) 
1 
Σ ƒ dy yG
v / h(y) г 1. (IV.10) 
ν 0 v / n 
Relating this function G
v
/ h to the nucleón structure function as 
obtained in BEBC and Gargamelle neutrino data [24], it was found that 
in a nucleón the valon distribution function can be parameterized by 
[22]: 
Gv/N(y) = J ^ Ш 1 - у ) 2 . (IV.11) 
This agrees with the observed behaviour of the partons in the region 
where χ —> 1 : 
FN(x) = ƒ dy G
v / N(y) - (1-х)
3
. (IV.12) 
χ
 V / N
 (x->1) 
TT 
For pions the high χ behaviour is given by F (χ) = (1-х), and the valon 
distribution should be constant. 
Sometimes it is more convenient to use the Lorentz invariant equi­
valences of the valon distribution functions; these are given by: 
ƒ V F(y) ζ ƒ dy G(y) -* F(y) = yG(y). (IV.13) 
2. The distributions of the quarks in the valons can, as long as 
only u and d quarks and the associated U and D type valons are consi­
dered, be parameterized by two functions K(z) and L(z). The first indi­
cates the favoured distribution - that of a u quark in a U valon -, 
while the latter describes the unfavoured distribution - that of a u, d 
or 3 quark in a U valon. К and L can be described in terms of flavour 
singlet and non singlet components: 
K(z) = L(z) + K N S(z), (IV.14) 
K N 4(z) = Vz(1-z)
b
. (IV.15) 
Nb
 B(3/2, b+1) 
The factor α is the momentum fraction that is carried by the valence 
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quarks, and В is a Euler-beta function that is needed for normaliza­
tion. For the unfavoured distribution it is assumed [22] that L has the 
form: 
L(z) = a-(1 - z ) c , (IV.16) 
where a and с are parameters that have to be adjusted to the data. Com­
parison of the valon model with backward π" production in 70 GeV/c K+p 
data gives a value for b very close to zero, for α 0.55, and for с 3.8 
[25]. 
3. It has been shown by Duke and Taylor [14] that, in the recombi­
nation model, gluons can be completely accounted for by a so-called en­
hanced sea. This means that the "dressing up" of quarks into valons in 
the recombination process can be described adequately by the assumption 
that all gluons are converted into qq pairs and contribute to the sea. 
In the formulas that give the differential cross sections the function 
L(z) has to be replaced by L(z) = ä(1-z)c, were 3 can be expressed in 
terms of a, c, and the number of quark flavors f: 
à = {(1-a)(c+1))/2f. 
4. The recombination function of the valons follows naturally from 
the fact that no partons are contained in the hadrons except those that 
make up the valons. Therefore, the wave function to find two valons in 
a meson <Vi, Vj Ι M > is the complex conjugate of the wave function 
that describes the combination of two valons into a meson 
< M I v.,, v 2>. 
Thus the recombination function is 
RM (Ут У2> ^ F v v / M (y,, y 2) = y^2 С^/цСу^ y 2 ) . (IV.17) 
Using the fact that G V/M is a constant for mesons, the recombination 
function for the formation of a meson at momentum fraction χ of the in­
cident hadron is: 
R M(x 1, x 2; x) = (il · ^ 2) й (^ L + ^L - 1). (IV.18) 
Having defined all the processes that have to be taken into ac­
count, we can now write down the formulas that give the invariant cross 
sections for meson production. The joint probability distribution is 
written as a sum of two terms: F1 ' for both quarks coming from the 
- 100 -
same valon, and F1 ' for quarks from different valons. The terms F^  ' 
I?) 
and F4 ' are expressed as a convolution of the valon distribution func­
tions Gy/u and the favoured and unfavoured quark distribution functions 
К and L. The summation over all possible terms for p 0 production is 
done by summing over all possible uu and d3 combinations, using a 
weigth of 1/2 each combination. For the uu terms the contributions are 
illustrated in figure IV.6. Further, a spin factor (2s+1) is added to 
the recombination function. 
For the K + beam it is assumed, for simplicity, that the distribu­
tion of strange and non-strange valons in the mesons are the same, and 
that the sea distribution in a strange valon is thp same as in a 
non-strange valon. This is certainly not the case, but will be not too 
bad in a first approximation. 
The formulas for the invariant distribution cross sections are 
given below, and take into account the above assumptions. From isospin 
symmetry it follows that the p 0 production from positive and negative 
pions is described by the same dependence. With the use of the simpli-
U u_ 
О 
D D u 
u 
о — 
^ю 
D " 
Figure IV.6. The Tour contributions to the Joint 
probability function to find a u and ü quark In 
a π"
1,
 meson. Favoured quarks are Indicated by 
solid, unfavoured quarks by dashed lines. 
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fications for the K+, the unlike charged pion production from the three 
different meson beams is also given by the same formula. The sum rule 
(IV.10) implies a б-function in the two and three valon distribution 
functions, which allows us to integrate out one of the variables. 
TT m U* -> ρ0) = I j / dy [F(1)(y,x-y) + F(2)(y.x-y)] (IV.19a) 
о 
F(1)(x1,x?) = ƒ dy [KC^LCy^y-) + K(y^-)L(^) + 
X-I+Xp 1 2 
Ü-y^Üyrf-) + LCy^JLC-j^)] (IV.19b) 
1 V V V V Y 
F^hx^.x^ - 7 2 dy Ш - у Ц й ^ ) + LC-yî-ÎLCj^ -)] (IV.19c) 
x 1 
Ä ^ f (K+ -> p0) = I J· ƒ dy [F(1)(y,x-y) + F(2)(y,x-y)] (IV.20a) 
* о 
r(1)cv v_4 - Г Hv Г1Г(^ІМ"Г. ? 1 j. К С . .1 iff^Rl Fu;(x1.x2) = ; dy ÎK^Ujdtr) + KCyrjbîLC-^ -) + 
y γ X Y 
SLÍ-yí-ÍLÍy^ -) + 3L(y=ïr)L(^ r)] (IV.20b) 
1 ^ Y Y Y Y Y 
F(2)(x1lx2) = ƒ 2 dy lU-j-ÎÛ-jêy) + SÛ-jriLÎ^)] (IV.20c) 
x1 
éaf(P -> P0) = 7 7 / dy [F(1)(y.x-y) + F(2)(y,x-y)] (IV.21a) 
^ о 
F^^x 1 ^xg) = ƒ dy Gu/pCyíCtKíy-) + LC-yi-ìlLCy^ ) + 
^GD/p(y)[{K(^-) + L^lLCy^lj) + 
{«(y^) + L(y^-)}L(-^)] (IV.21b) 
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F{2)Uvx2) = 2 f*2áy, /yidy2 GU[}/ (y1ty2)[{K(^-) + L(^-) }L(^|) ] + 
X 1 Xp ' ' -^
С о и / р ^ г У г ^ ^ 1 ^ + K (y| ) > ] 
(IV.21c) 
§ {Jg (M1 ^  π τ) = 1 / dy [FCl)(y,x-y) + F(2)(y,x-y)] (IV.22a) 
o 
F ( 1 )(x 1 >x 2) = ƒ dy ¡yCÜ^OÜy^j-) + L(y^L)L(^) + 
F(2)(x1,x2) = ƒ 2dy U^Üj^) (IV.22c) 
x1 
with M* a π+, π~ or Κ+. 
è 3? (Ρ -> τ1") = jf ? dy [F(1)(y.x-y) + F(2)(y,x-y)] (IV.23a) 
о 
F(1)(x1,x2) = ƒ dy Cu/píyHU-yOÜy^) + L(yryr)L(X2) 
X л + X ρ I <-
^„/„(yKiu^ouy^f-) + к(у^-)С(^)] 
¿ υ/ρ ƒ У »! у *2 у (І .23Ь) 
г<2), - - 1 - Х ? - 1- у1 F^>U
v
x2) = 2 ƒ ^ dy! ƒ ldy2 Guu/p(y1,y2)[{K(Fr) + Ь(у|)}Ь(у|)] + 
x1 x2 
0
ио/
р
(У1.У2)С(УТ^(7|) 
G 
X1M-.Í2 
m/p^У^^У2)uУì)L{yt) (".230 
In figures IV.7 and IV.8 curves derived using these formulas are 
shown, together with the data. From these figures it is clear that the 
valon model does not describe ρ0 production correctly; neither in nor­
malization nor in shape. The pion production in the meson fragmentation 
regions are heavily underestimated; this may be attributed to an abun­
dant resonance production which is a large indirect source of pions. 
The π- distribution in the proton fragmentation region is predicted 
much better, considering the fact that the model is tuned to the same 
channel of a different experiment. 
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Figure IV.7. The ρ0 distributions In the forward 
hemisphere as functions of x. The curves are 
predictions of the valon model. 
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IV.Ц The quark fragmentation model. 
The models described above use, as a mechanism for particle pro­
duction, the spontaneous recombination of partons into hadrons in the 
turbulent volume created during the interaction. Another possible me­
chanism for hadron production in the fragmentation region is the 
"decay" of a fast valence quark into hadrons. In this picture, the in­
coming hadron contains one fast (x = 1) valence quark, while the other 
partons are assumed to be slow and are held back in the interaction. 
The fast valence quark flies through without being influenced by the 
collision. The force between the two parts develops a flux tube in 
which the field lines are confined. The energy density in the flux tube 
increases until the tube will break with the simultaneous creation of a 
quark-antiquark pair. Both fragments are streched out further and other 
qq pairs will be created. The process continues until the total incom­
ing energy and momentum are used up in the creation of qq pairs and in 
the momenta of the parts flying away. 
It is assumed that hadron production in the reaction 
e
+
e
-
 —> hadrons, and high p t hadron-hadron scattering occurs in a simi­
lar way [26] (see fig. IV.9). This method of particle production can be 
interpreted as the fragmentation of a quark into hadrons. The details 
of the development of the flux tube (or qq string) and the way it 
breaks up into final state particles is under study by several groups 
[27-293. In general the invariant particle production in the fragmenta­
tion region of a meson is given by: 
ЬШ« f dy F
v
(1-y) D(£) (IV.24) 
where Fv(1-y) is the probability to find a quark with momentum fraction 
у of the incident meson (is equal to find a valence quark with momentum 
fraction 1-y) and D( Í-) is the probability to find a meson that carries 
a momentum fraction -i- of the quarks momentum. 
Both Field and Feynman [27] and Andersson et al. [28] have derived 
forms for the fragmentation functions D ( Ì ) . The first authors used re-
sults of the reaction e+e~ —> hadrons. Andersson et al. used a statist-
ical approach in which the functions for the fragmentation of a hadron 
h from a quark q, D*}, are solutions of the equations: 
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Figure IV.9. Hadron production In e.m. 
weak and strong Interactions. 
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Ψ*» -< + l f Í.V Dhq'(^  (IV.25) 
where a determines the distribution of the hadron containing the ori-
ginal quark q. 
In the comparison of our data with the fragmentation models we 
used four different combinations for the quark distribution and frag-
mentation functions: 
1. The quark distribution function from Field and Feynman [ig] and 
the quark fragmentation function from the same authors [27]. 
2. A simple quark distribution function Fv = (1-x)/Vx with the 
same fragmentation function from Field and Feynman [27]. 
3. The distribution function Fv = (1-x)/Vx with the fragmentation 
function proposed by Anderson et al. [28]. 
t.The distribution function from Field and Feynman [19] with the 
fragmentation function from Anderson et al. [28]. 
ρ 
The χ s of the comparison between these predictions and the data 
are given in table IV.5. Curves showing the predictions from first com­
bination are plotted in figure IV.10 with dotted and dash-dotted lines, 
the predictions from the third combination are plotted with solid and 
dotted lines. 
Table IV.5 
χ -values of various forms of the quark fragmentation model 
compared to £ g^. 
F
v
(1-y) from 
D(£) from 
(Background form 
тг
+
Р —> ρ 
τΓρ —> ρ
0 
Κ
+
Ρ -> ρ
0 
(Background form 
π
+
Ρ ^ ρ
0 
π Ρ —> ρ 
Κ Ρ —» ρ 
III, 
III, 
.7) 
.8) 
[19] 
[27] 
11. 
9.3 
0.23 
25. 
12. 
0.09 
(1-x)/Vx 
[27] 
16. 
13. 
0.23 
36. 
16. 
0.13 
(1-x)/Vx 
[28] 
2.8 
1.1 
О.32 
2.2 
1.3 
0.26 
[19] 
[28] 
ч.з 
0.37 
0.38 
0.80 
0.20 
0.5Ч 
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A prediction for pp interactions is not given, since there the 
fragmentation functions D contain contributions from di-quarks. Up to 
now no satisfying estimate for these di-quark contributions has been 
proposed. 
We can only compare these models with the p 0 production, since, in 
these types of models, the decay of resonances is considered to be es­
sential for the shape of the π distributions. Therefore, the prediction 
of the π cross sections involves many assumptions about the relative 
amount of produced resonances and their decay distributions. 
While the decay parametenzations of Andersson et al. give a more 
or less correct description of the data, the parameterization of Field 
and Feynman results in a distribution that is too steep. 
IV.5 Comparison of the models. 
Comparison of the different models for p 0 only, shows that the ρ 0 
distribution can be rather well described by a (1-x)n dependence. If a 
factor Vît is included to account for the intermediate χ behaviour the 
fitted values of η are consistent with the values predicted by counting 
rules [5]. The quark recombination model describes the p 0 data equally 
well. The value of the parameter к found here is in agreement with the 
values observed in kaon and pion production from incident pions and 
kaons [16,20]. The valon model, on the other hand, fails to describe p 0 
production, both in shape as well as in normalization. The quark frag­
mentation models describes p 0 production correctly, provided that the 
quark fragmentation functions used are those proposed by Andersson et 
al. [28]. No serious difference is found when a other parameterization 
for the valence quark distribution function is used. 
A comparison of the models for the pion distributions is difficult 
because of the large amount of indirect pion production that can be ex­
pected in the meson fragmentation region. Nevertheless, the values ob­
served when fitting a V5f(1-x)n dependence in the region 
0.2 < (1-х) < 0.8 are in agreement with the predictions from the count­
ing rules. The fits, however, are of a poor quality. The only possible 
comparison of the recombination model with pion production (p —>
 π
- ) 
gives a prediction that is of the same quality as the power law fits. 
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The valori model gives a more or less correct description of the τ~ dis­
tribution in the proton fragmentation region. However, a large discre­
pancy is present between the predictions and the data in the fragmenta­
tion of TÍ* , IT ~ or K+ mesons into pions. 
The conclusion is that counting rules, recombination models, and 
fragmentation models can descibe the shape of directly produced parti-
cles correctly. The distribution of pions is well reproduced by a power 
law dependence, although a discrepancy is present that might be attri-
buted to mechanisms that are not accounted for in the models, such as 
Tripple Regge and/or pions resulting from resonance decay. 
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V The inclusive π +/π _ ratio in the target fragmentation region. 
In the preceeding two chapters the emphasis has been on particle 
production in the beam fragmentation region. The target fragmentation 
region, however, is also of interest. Part of the evidence for the 
quark structure inside protons comes from the similarity that exists 
between the inclusive іЛЛг - ratios in high and low p t pp interactions 
at ISR energies, and the ratios of the u/d quark distributions as meas­
ured in lepton-nucleon interactions [1]. The idea that partons may play 
a role in hadronic pion production gains further support from the ob­
servation that scaling occurs for the π +/π~ ratio for pp interactions 
above 20 GeV/c. 
It has been recently shown that a strong beam quantum number de­
pendence exists for inclusive π +/π - ratios in the proton fragmentation 
region for meson-proton collisions up to - 100 GeV/c incoming lab mo­
mentum [2]. In figure V.I this dependence is illustrated. Similar ob­
servations exist for the p^ dependence of the тт тг- ratio in the cen­
tral region [3,4]. 
In this chapter a study is presented of the inclusive тг тт- ratio 
in the proton fragmentation region of π +ρ, π _ρ, K+p, and pp interac­
tions at 147 GeV/c. Furthermore, the s-dependence of this ratio is stu­
died in the reactions π+ρ and π -ρ for lab momenta ranging from 8 to 150 
GeV/c for тг+, and from 16 to 200 GeV/c for π" beams. 
In section V.I the parton mechanism thought to be responsible for 
the observed π+/π~ ratio is discussed briefly. In section V.2 the pro­
cedure used to calculate this ratio is given, and in section V.3 the 
ratio at 147 GeV/c as a function of χ and p t I and the s-dependence of 
this ratio for different values of χ is presented. In section V.4 the 
conclusions are given. 
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Figure V.l. л*/л" ratio In the proton fragmentation 
region for various beampartlcles and energies. 
The curves Indicate this ratio for pp collisions 
at very high energies. 
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V.1 The mechanism. 
An approach which uses parton model ideas to describe inclusive 
meson production is the quark recombination model [5-9]. To the extent 
that it will be used in this chapter it is sufficient to recall the 
first two paragraphs of section IV.2. As the valence quarks of the in­
cident hadron flies through, essentially undisturbed by the interac­
tion, and recombine with slow sea quarks to yield the final state me­
sons, the distributions of these mesons will reflect the distribution 
of the valence quark inside the initial hadron. This indicates that the 
ratio of π +/π - production in the proton fragmentation region should be 
similar to the u/d ratio inside the proton. On the basis of such a 
model, however, no beam quantum number or energy dependence is expect­
ed. 
An additional mechanism is necessary to explain the dependences on 
beam particle and energy of the π+/π~ ratio. This can be found in va­
lence quark annihilation (VQA) [2]. It is assumed that in Mp interac­
tions (except for K+p interactions) the valence antiquark of the incom­
ing meson annihilates with one of the valence quarks in the proton. The 
remainder of the proton is now disturbed and the distribution of the 
two remaining valence quarks of the proton, when recombined to pions, 
will show a distribution that deviates from the u/d ratio in the undis­
turbed proton. Since only valence quarks in the "wee" region can anni­
hilate, the contribution of this mechanism is expected to be propor­
tional to the probabitily of finding a "wee" valence quark simultane­
ously in both hadrons. A valence quark is call "wee" if its momentum 
fraction is smaller then a certain cut-off value x 0 = (1 GeV)/V5. As 
the probability to find a valence quark close to χ = 0 behaves like 
1/V5C, the probability for such a quark to be in the "wee" region is 
given by: 
Ρ„ = У
3
 -L dx « s - 1 7 1 * . (V.I) 
w
 ό Vx 
r> 
Therefore, the propability for annihilation, P
w
 , is proportional to 
s-
0
-5. 
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V.2 Determination of the π + / if ratio. 
Unlike the analysis in chapter III, we will use here the ioniza­
tion to obtain information on the particle type. Therefore, positive 
particles that have a lab momentum below 1.4 GeV/c, and that are iden­
tified as a proton by ionization, are removed from the sample. All 
other particles are assumed to be pions. The amount of proton contami­
nation is not very serious for most of the target fragmentation region, 
as is shown in figure V.2. Identified protons are plotted here in the 
ρ 
x-p t plane, but intentionally misidentified as pions. It can be seen 
from this plot that , even in the presence of poor part icle identifica­
tion the contamination of the π+ sample by protons is negligible in 
most of the backward region. If a proton with a momentum on the kine-
matical boundary is taken to be a pion, and assuming that for a l l prac-
t ical purposes p t £ 0.6 (GeV/c) , this part icle will have a Feynman-x 
F i g u r e V.2. S c a t t e r p l o t of I d e n t i f i e d p r o t o n s t h a t 
a r e i n t e n t i o n a l l y m i s i d e n t i f i e d a s p l o n s . The 
s o l i d l i n e i s t h e k l n e m a t l c a l l i m i t , t h e dashed 
l i n e i s a t p i û b = 1.4 GeV/c. 
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value of χ > -0.55. Furthermore, protons can be identified rather well 
up to lab momenta of 1.4 GeV/c. From the dashed line in figure V.2 we 
see that the 'r+ distribution will therefore contain no proton contami­
nation for χ < -0.25, which is the region important for fragmentation. 
Contamination of misidentified kaons, on the other hand, cannot be re­
moved. Due to s-quark suppression, however, this contamination can be 
assumed to be negligible in the proton fragmentation region. 
Diffraction dissociation will influence the observed ratio; there­
fore, it is important to study the size of the effect, and to calculate 
the іт+/тг- ratio after exclusion of pions coming from diffractive 
events. Similarly, effects due to resonance production have to be stu­
died and removed if necessary. 
The data from experiments at other energies are obtained from pub­
lished π + and π - distributions or ratios. In these data, no diffraction 
dissociation or resonance effects were removed. In order to allow a 
study of the energy dependence we did not remove diffraction or reso­
nance effects in that part of the analysis. 
V.3 The results. 
V.3.1 The Feynman-x dependence. 
In figure .За the π +/π - ratio 
R = ƒ dp t 2 E* 2 / ƒ p t 2 E* 2 (V.I) 
'
 ъ
 dpt¿ dx ' ' t dpt¿dx 
is plotted for π +ρ and π _ρ interactions at Ш 7 GeV/c. Although the 
difference between the тг+р and тг-р data is not as large as for the same 
ratios at low energies (figure V.la), some dependence on the incident 
particle type can still be observed. In figure V.3b the ratios for K+p 
and pp are plotted. They follow approximately the same curve, indicat­
ing that the mechanism causing a difference between K + and ρ beams at 
low energies has lost its importance at our energy. 
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Figure V.3. n+/n" ratio In the proton fragmentation 
region for various beampartleles at 147 GeV/c. 
The curves are the same as In figure V.l. 
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Figure V.l. π*/π~ ratio In the proton fragmentation 
region for various beampartleles at 147 GeV/c. 
Dlffractlve events and Δ++ removed. 
The curves are the same as In figure V.l. 
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V.3.2 The influence of diffraction dissociation 
and resonance production. 
As mentioned before, the influence of diffraction dissociation and 
resonance production on the тг тт- ratio should be investigated. To do 
this, we selected diffractive events using method II, as described in 
the appendix. Although the τ+/π~ ratio of the events flagged as dif­
fractive deviates substantially from the values obtained for all 
events, the effect due to the removal of these diffractive events on 
the ratio obtained from the other events is negligible. 
The influence of resonance production has been studied for Δ pro­
duction only, since this resonance is the most dominant in the proton 
fragmentation region. For different values of χ of the produced pions, 
the relative amount of Δ contribution, is calculated using the same 
method as used in an earlier publication, where Δ + + production was stu­
died in the same data [10]. Each pion is given a weight against its 
being a decay product of a Δ + + or a Δ 0. This weight depends on the 
pion's x-value and an effective pion-proton mass, where the proton has 
been previously identified. The π +/π _ ratio was now recalculated using 
these weights. In figure V.4 we give the ratio corrected for both dif­
fractive dissociation and Δ production. No significant difference can 
be seen between this figure and figure V.3. 
Similar work has also been done to correct for p 0 production, and 
also resulted in a minimal effect. Therefore, we conclude that the in­
fluence of diffraction dissociation and resonance production on the 
overall ^+/τ~ ratio is negligible. 
.З.З The s-dependence. 
The тг тт- ratio for different π+ρ and π-ρ experiments is plotted 
as function of s ·•' in figure V.5 for various intervals in χ. A 
straight line is fitted through these points. The results of the fits 
to the r*? data are given in table V.l. For -0.72 < χ < -0.16 the slope 
a seems to increase with |x|, indicating a stronger energy dependence 
at large |x| than at small |x| values. The asymptotic values b are com­
patible with the slowly increasing ratios obtained from pp collisions. 
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the proton fragmentation region. 
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Table V.l. 
Results of a linear fit of the π+/π~ ratio to a-s "^  + b. 
χ interval χ /MD b a 
a) π + beam 
0.00-0.08 16.4/3 1.18 ± 0.03 4.21 ± 0.20 
0.08-0.16 17.2/3 1.43 ± 0.04 4.11 ± 0.27 
0.16-0.24 13.9/3 2.05 ± 0.08 3.05 ± 0.53 
0.24-0.32 14.5/3 2.21 ± 0.13 6.44 ± 0.69 
0.32-0.40 5.8/3 2.62 ± 0.21 6.57 ± 1.40 
0.40-0.52 3.8/3 3.10 ± 0.31 5.77 ± 1.72 
0.52-0.72 13.0/3 3.71 ± Ο.72 9.74 ± 4.22 
b) τ~ beam 
0.00-0.08 
0.08-0.16 
0.16-0.24 
0.24-0.32 
0.32-0.40 
0.40-0.52 
0.52-0.72 
8.7/3 
20.6/3 
8.3/3 
4.З/З 
5.1/3 
4.4/3 
1.5/3 
1.22 ± 0.04 
1.48 ± 0.04 
I.74 ± 0.07 
1.98 ± 0.08 
2.07 ± 0.15 
1.62 ± 0.16 
2.26 ± 0.3І 
-1.49 ± О.32 
-2.15 ± 0.33 
-2.52 ± 0.54 
-2.09 ± 0.63 
-1.60 ± 1.02 
0.23 ± 1.39 
-4.89 ± 2.31 
Table V.2 
χ interval 
0.00-0.08 
0.08-0.16 
0.16-0.24 
0.24-0.32 
0.32-0.40 
0.40-0.52 
0.52-0.72 
X
2/ND 
24/6 
38/6 
21/6 
23/6 
12/6 
12/6 
16/6 
0.54 
0.55 
0.39 
Ο.43 
0.31 
0.13 
0.20 
η 
± 
± 
± 
± 
± 
± 
± 
0.05 
0.01 
0.06 
0.07 
0.09 
0.07 
0.05 
1.22 
1.47 
1.87 
2.07 
2.34 
1.71 
3.07 
b 
± 0.03 
± 0.03 
± 0.07 
± 0.08 
± 0.18 
± 0.55 
± 0.36 
а (тг+) a (π-) 
4.63 ± 0.67 -1.75 ± 0.50 
4.64 ± 0.20 -2.49 ± О.32 
2.80 ± 0.70 -2.24 ± 0.65 
5.82 ± 1.27 -2.10 ± 0.76 
4.30 ± 1.46 -1.61 ± 0.84 
3.86 ± 0.98 -0.06 ± 1.03 
4.90 ± 0.49 -3.37 ± 1.49 
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However, no evidence for convergence can be drawn from these results, 
if the power -0,5 is maintained. 
Since the power -0.5 in the s-dependence is based on the probabil­
ity to find a "wee" valence quark in both interacting hadrons, this 
cannot be considered as a very strong theoretical argument. We have 
also fitted the s-dependence using a form R(s) = a*s~n + b, in which we 
have varied the value of n. No convergence could be obtained if we fit­
ted the ratio with the same value for η in the whole x-region. 
Convergence can be forced for individual bins in x. We have done a 
fit simultaniously to the π + and the π" data, in which we forced the 
values of the parameters η and b to be the same. No procedure has been 
applied to correct for a different statistical significance in the π +ρ 
and the π -ρ data. This was considered not to be necessary as the number 
of datapoints are the same and the statistical errors are approximately 
equal. The results are given in table V.2, from which it can be con­
cluded that the ratio in the fragmentation region varies other 
s-dependence than in the central region, provided we use a linear fit 
for both the π + and π" beam data. For |x| > 0.3, the values found for 
n, where convergence occurs are in agreement with a measurement of the 
energy dependence of the VQA contribution to the avarage total charge 
in the forward hemisphere of "p interactions. There, the energy depen­
dence is found to be
 s
-0-l8±0.03 [ •, τ ]
 # 
In figure V.6 the ratio for π + and π - beams is plotted, extrapo-
lated to infinite energy, in comparison with the π +/π - ratio from pp 
interactions. Both with a constant value of η = 0.5 and the results as 
given in table V.2. In the region -0.7 < χ < -0.3 the ratios are compa­
tible for the latter case, indicating a universal π +/π - ratio at asymp­
totic energies. 
.З.Ч The pt-dependence. 
The pt-dependence of inclusive particle production provides furth­
er information about the distributions of the partons inside the ha­
drons. Due to the conservation of angular momentum an approximate rela­
tionship exists between the momentum of the partons and their positions 
inside the hadron. Therefore, mesons originating from partons in the 
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Figure .7Ь. п*/п~ ratio at 147 GeV/c, as a 
function of p t f for different bins In x. 
center should have larger transverse momenta than mesons that are 
formed from more peripheral partons [12-14]. 
In the figures V.7 we give, for our experiment, the π+/π~ ratio in 
the proton fragmentation region for different bins in χ, as functions 
of the transverse momentum. In the figures V.8 the same quantities are 
given as function of the transverse momentum squared. From these plots 
one sees that the π+/π- ratio is consistent with being constant in the 
central region. In the intermediate region in χ (0.2 < |x| < 0.8) the 
ratio first falls with increasing pt, and for pt around 0.8-1.0 GeV/c 
an increase in the ratio develops. The decrease can be understood when 
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one assumes that the negative pions are produced with an average lower 
transverse momentum than the тт* mesons, and therefore, the u-quarks in 
the proton should be more peripheral than the d-quark. The increase a-
round 1.0 GeV/c cannot be explained in this way. Comparing these plots 
with figure V.2 can, however, not exclude that the excess of positives 
is due to contamination of relatively high p t protons. We feel that 
this effect needs further investigation in other experiments. 
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Ч.Ц Conclusions. 
At 147 GeV/c, the difference between π +/π _ ratio in the proton 
fragmentation region of π +ρ and π -ρ collisions is less than at lower 
energies, but it is still present, while a difference is no longer ob­
served for K+p and pp collisions. Considering experiments at various 
energies the π +/π - ratio for ττ+ρ collisions shows an energy dependence 
consistent with an s - n law with a slope which decreases with |x), pro­
vided one uses the same value of η for the entire range in jxl. No con­
vergence is, however, observed in the ratio of тг+р and π -ρ data for an 
extrapolation of s —> OD, when the same value of η is used for all x. A 
simultaneous fit, forcing convergence, to both the ^*p and the ir-p data 
in which the value of η is left a free parameter, results in a value of 
η around 0.1-0.3. This value is in agreement with a measurement of the 
energy dependence of valence quark annihilation in the forward hemi­
sphere of π-ρ interactions. Extrapolation of the π +/π - ratio, using a 
different energy dependence at different x-values, gives evidence for a 
universal asymptotic ratio for all beams. The influence of diffraction 
dissociation and resonance production on the ratio is found to be neg­
ligible. The dependence at low p t is in agreement with the expectation 
from geometrical correlation of the valence quarks. Deviations from 
this expectation at higher p t values require further study. 
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VI Summary and conclusions. 
In this thesis several aspects of particle production at low pt in 
high energy hadron-proton collisions are described. The phenomenology 
of the observed spectra is compared to the expectations of various 
quark-parton models. 
In chapter I the historical evolution of the quark model is 
sketched. In the same chapter the variables are defined and an intro-
duction is given of the general framework in which this kind of high 
energy interactions is studied. 
The data used for the experiment came from three exposures of the 
Fermilab 30-Inch Hybrid Spectrometer, to positive and negative beams. 
The layout of the spectrometer and the details of the experiments are 
presented in chapter II. In the same chapter the procedures used to 
measure and reconstruct the events are given. The performance of the 
spectrometer is discussed on the basis of these events. We have seen 
that the fast negative tracks of events with a positive beam are cor-
rectly reconstructed, while the fast positive tracks of the same events 
have a resulting momentum that is somewhat too high. The acceptance of 
the downstream proportional wire chamber system lies above 90 % for 
tracks with a lab momentum above 40 GeV/c. The relative reconstructed 
error for hybridized tracks is below 10 % for 150 GeV/c tracks and is 
much less for tracks below 100 GeV/c. 
The measurement of resonance production is hampered by the large 
number of final state particles and the lack of particle 
identification; both factors together give rise to a large combinatori-
al background and to reflections of other resonances into the effective 
mass distributions. In chapter III the total and topological cross sec-
tions for p 0 production are determined, using a conventional background 
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subtraction technique. The results obtained there are in agreement with 
similar measurements with pp and π -ρ interactions, although no data are 
available at comparable energies for the π +ρ on K+p interactions. The 
use of an alternative background parameterization gives a 25 % differ­
ence in the measured ρ 0 cross sections. Combination of these results 
with other measurements of the ρ 0 cross section gives an energy depen­
dence that is a linear or quadratic function in ln(s), for meson or 
proton beams, respectively. 
In the same chapter the differential p 0 cross sections have been 
determined as a function of the Feynman scaling variable χ 
С
3
 Р/с/Рщс^ ' ^ е t r a n s v e r s e momentum squared, p t , and the "transverse 
energy", E t (= (Pt· + M ) ). Exclusion of dlffractive events does not 
change the p 0 distribution in the forward hemisphere of π +ρ and π -ρ in­
teractions significantly. The transverse dependence of ρ 0 production is 
in agreement with measurements at other, lower, energies, and with 
thermodynamic models. A comparison of the non-invarlant transverse p 0 
and π - spectra in the central region reveals a consistent difference in 
the slope of the E t distributions that has not been observed in lower 
energy meson-proton interactions. 
A study of the spin density matrix of p 0 production in the extreme 
forward region shows that about 85 % of the p 0 production occurs via 
unnatural parity exchange. 
As no neutrals are detected, the above conclusions on particle 
production cannot be extended to resonances having one or more TI0S 
among their decay particles. 
In chapter IV different parton models for the production of low p t 
mesons in the beam and target fragmentation regions are discussed. 
These models are compared with the differential p 0 cross secuion as de­
termined in chapter III, and with differential pion cross sections in 
the reactions Ap —» тг11, where A is a ^  + , π", K + or p, and π u is a pion 
with opposite charge as the beam particle. The production of p 0 or n* 
from a π +, π~ or proton beam is in agreement with counting rule predic­
tions (which must be handled very carefully in the kinematical region 
studied), a quark recombination model and a quark fragmentation model, 
provided the quark fragmentation functions are used as proposed by 
Anderson et al. A further extension of the recombination model, the 
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so-called "valon model" contains fewer ad hoc assumptions and tries to 
provide an absolute normalization. This model gives an acceptable des­
cription of the data for n - production in the proton fragmentation re­
gion, but does not agree in shape or normalization with the observed P 0 
production, or with the pion distributions in the meson fragmentation 
regions. 
The fragmentation and recombination models cannot be distinguished 
using the data described in chapters II and III, due to both the large 
experimental errors and the similarity of the predictions. However, the 
basic assumptions of these models, that there is a relation between the 
phenomenological appearances of different types of interactions (weak, 
electromagnetic, strong) in view of a quark-parton model, seem to be 
satisfied. This means that although the force initiating the 
quark-quark interaction in e +e -, lepton-hadron and hadron-hadron colli­
sions is different, the process of particle production is very much the 
same. 
Chapter V describes the results of a determination of the ratio of 
π* and π - mesons produced in the proton fragmentation region as func­
tions of the beam particle type and the Feynman variable x. This ratio 
appears to be less dependent on beam particle type at 147 GeV/c than 
similar measurements at lower energies. Removal of diffraction dissoci­
ation and resonance production does not change the measured ratio sig­
nificantly. A study of the energy dependence of the π +/π _ ratio gives 
an indication of a different energy behaviour at low and at high lx|, 
and, if this x-dependent energy behaviour is in fact present, then the 
π
+/π - ratio approaches that of a beam particle independent curve for 
χ —> ». Determination of this ratio as a function of p t (or p t ) shows, 
at low p t, either no change or a decrease in the ratio. At high p t an 
increase in the ratio is observed which may, however, be due to contam­
ination of the π + sample by misidentifled protons. This effect requires 
further study. 
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Appendix. Selection of elastic and diffractive events. 
In the analysis described in this thesis elastic events and, at 
some places, diffractive events were removed from the data sample. This 
appendix describes the procedure used to recognize these events. The 
method applied to select elastic events uses the possibility of the 
spectrometer to follow tracks over a large distance, while the two 
methods that were used to select diffractive events are based upon the 
evident difference in the configuration of the final state particles 
produced by a diffractive mechanism and the particles produced 
non-diffractively. The mechanism at work in elastic scattering and in 
diffraction dissociation does not exchange any quantum numbers between 
the two incident particles (Pomeron, vacuum quantum numbers, or 
two-gluon exchange). The simplest possible diagrams of these events are 
given in figure A.1. 
Diagram A.la shows an elastic event. These events can be removed 
almost completely by the so-called R'-method, since the recoiling, 
slow, proton can be measured very well in the bubble chamber. Under the 
assumption of an elastic event, and with the use of the momentum of the 
proton, the trajectory of the fast track can be followed troughout the 
entire spectrometer. A cut on the spatial distance R, or its squared 
value R , in the last PWC between the predicted and the actual inter-
section is used to recognize elastic events. 
Elastic events can be recognized rather easily and do not cause 
serious problems. Events from diagrams A.lb, and A.1c, however, are not 
so easily recognized. Therefore, special procedures have to be devel-
oped to remove them. As no quantum numbers are exchanged, the quantum 
numbers of the produced subsets X and/or Y are identical to those of 
the beam, and/or target particle, respectively. Moreover, as only a 
limited amount of momentum is exchanged between the upper and the lower 
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Figure fl.l. Simple diagrams for elastic scattering 
and diffraction dissociation. 
vertices, the fragments of the beam and/or target particles are widely 
separated in phase space. This last property is used to select the dif-
fractive events. 
The configuration in phase space of these diffractive events shows 
one particle that is almost undisturbed, and a cluster of final parti-
cles in the opposite center of mass hemisphere. This cluster is the re-
sult of the dissociation of the other incident particle. In this case, 
the rapidity distribution of the so-called diffraction dissociation 
events show a wide gap between the cluster and the undisturbed parti-
cle. 
The two methods used to recognize diffractive events are: 
1. Events are diffractive if there is an identified proton with a 
Feynman-x value below -0.88. This method makes use only of the 
property that one of the incident particles is almost undis-
turbed by the collision. 
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2. Events are difTractive if: 
2.1 The largest rapidity gap is next to one of the end parti-
cles, and 
2.2 the end particle has a Feynman-x |x| > 0.75. 
For a comparison of the two methods only the events that have an 
undisturbed target particle can be used, since method I is not applica-
ci \ 
ble for the other diffractive events . Table A.I shows how the two 
methods conpare in their identification of the events in which the beam 
particle dissociates. 
Table A.I 
Number of events selected by methods I and II. 
II\I 
Diff 
Non-Diff 
Total 
Diff 
754 
438 
1192 
Non-Diff 
445 
14895 
15340 
Total 
1199 
15333 
16532 
More complicated diffractive mechanisms, such as the one shown in 
figure A. Id, have a small cross section and can be neglected. Because 
the contributions of the dissociation of the beam and target particle 
are factonzable, the contributions of double diffraction, or even more 
complicated diagrams such as double Pomeron exchange, can be safely ne-
glected . 
* Method I is unreliable for target diffraction because of the large 
uncertainties in the momentum determination of very fast forward 
tracks. See figure II.2. 
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Titel en samenvatting. 
INCLUSIEVE ρ 0 EN π PRODUCTIE IN HADRON-PROTON INTERACTIES 
BIJ 147 GeV/c INKOMENDE BUNDELIMPULS 
In dit proefschrift wordt p 0 en π productie beschreven bij botsin­
gen tussen τ + , ir", K + mesonen of protonen en protonen. Bestudeerd wor­
den voornamelijk zogenaamde inclusieve verdelingen, wat betekent dat 
alle mogelijke eindtoestanden gelijktijdig in de beschouwing worden be­
trokken. Met andere woorden, de waargenomen eindtoestanden van de reac­
ties worden niet geselecteerd naar aantal en aard van de geproduceerde 
deeltjes. Echter, op enkele plaatsen in het proefschrift wordt wel een 
selectie naar het aantal geproduceerde geladen deeltjes genaakt 
(semi-inclusieve verdelingen). 
De experimentele gegevens waarvan gebruik wordt gemaakt zijn 
afkomstig van een drietal bestralingen waaraan de 30-inch hybride spec­
trometer van Fermilab is bloot gesteld. Dit laboratorium ligt ca. 60 km 
ten westen van Chicago. De spectrometer bestaat uit het 30-inch bellen-
vat, een aantal stroomopwaarts van het bellenvat geplaatste tellers, 
nodig om de aard van het reagerende bundeldeeltje te bepalen, en een 
systeem van dradenkamers stroomafwaarts. Deze laatste tellers verbeter­
en de nauwkeurigheid van de impulsbepaling van de geproduceerde snelle 
deeltjes, deeltjes met een impuls van meer dan 10 GeV/c in het labora­
torium, aanzienlijk. 
Van de drie bestralingen vond er een plaats met een negatieve bun­
del, voor het grootste deel bestaande uit π - mesonen. De twee overigen 
vonden plaats met een positieve bundel, die voornamelijk π + mesonen en 
protonen bevatte en verder een kleine fractie K + mesonen. Bij ieder van 
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de drie bestralingen was de bundelimpuls 11? GeV/c. 
De foto's van de interacties in het bellenvat werden m een geza­
menlijke inspanning door een twintigtal laboratoria geanalyseerd, geme­
ten, en geconstrueerd, gedurende deze laatste stap werd ook de informa­
tie van de tellersystemen toegevoegd. Aangezien het experiment en de 
analyse van de interacties met de vier verschillende soorten bundel­
deeltjes grotendeels is uitgevoerd met behulp van dezelfde apparatuur 
en programmatuur, en door dezelfde laboratoria, is te verwachten dat 
systematische verschillen in de resultaten van de vier soorten interac­
ties zo klein mogelijk zijn. 
Voor ieder van de vier bundeldeeltjes is de hoeveelheid geprodu­
ceerde p 0 mesonen bepaald. Uiteraard als functie van het soort bundel­
deeltje, maar ook als functie van het aantal in de reactie geprodu­
ceerde geladen deeltjes en als functie van de zogenaamde Feynman vari­
able, die bij benadering aangeeft welke fractie, in het zwaartepunts­
systeem, van de beschikbare longitudinale impuls door het geproduceerde 
deeltje wordt meegevoerd. Verder is de verdeling van geproduceerde p 0 
mesonen gemeten als functie van het kwadraat van de transversale itn-
puls, ρ·. , en van de "transversale energie", E t (= (pt + M ) ). Deze 
laatste verdelingen, en soortgelijke verdelingen van geproduceerde π -
mesonen, worden vergeleken met thermodynamische modellen voor een­
deeltjes productie. 
In afwijking van eerdere experimenten met een lagere bundelener­
gie, worden in deze analyse verschillende hellingen gevonden voor de 
niet-Lorentz-invanante transversale verdelingen van de P 0 en de π~ me­
sonen. Eveneens in afwijking met eerdere observaties, is de vorm van de 
E^ verdeling van π - mesonen niet goed te beschijven met een enkele pa­
rameter. 
De longitudinale verdelingen van de geproduceerde ρ 0 mesonen, (en 
ook van τ mesonen) worden vergeleken met voorspellingen gedaan op grond 
van quark modellen, te weten de "Dimensional Counting Rules", het Quark 
Recombinatie Model, een recente ontwikkeling daarvan, het Valon Model, 
en het Quark Fragmentatie Model. De p 0 verdelingen worden redelijk tot 
goed beschreven door de counting rules, het recombinatie model, en een 
vorm van het fragmentatie model. Het valon model, dat in tegenstelling 
tot de andere modellen een absolute normalizatie voorspelt, wijkt zowel 
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in vorm als in normalizatie af van de gemeten verdelingen. Vergeleken 
met de modellen zijn alleen die τ verdelingen die een lading hebben te­
gengesteld aan de lading van het bundeldeeltje. De voorspellingen be­
schrijven deze data minder goed dan de p 0 verdelingen. Een mogelijke 
oorzaak hiervoor is het bestaan van mechanismen voor π productie die 
niet in de modellen opgenomen zijn. 
Als laatste wordt bestudeerd hoe de verhouding van het aantal π + 
en ir" mesonen geproduceerd in het achterwaardse gebied van het zwaar­
tepuntssysteem afhangt van het soort bundeldeeltje. Aangezien in dit 
gebied voornamelijk deeltjes worden geproduceerd die afkomstig zijn van 
het proton dat voor de interactie in rust is in het bellenvat, kan op 
naïeve gronden verwacht worden dat er geen afhankelijkheid v?n de 
quantumgetallen van het bundeldeeltje bestaat. Er is echter wel een af-
hankelijkheid gevonden, al is deze bij de bundelimpuls van 147 GeV/c 
niet zo sterk als bij soortgelijke metingen bij een lagere impuls. Met 
gebruikmaking van de beschikbare metingen bij verschillende energieën 
kan, na extrapolatie, een voorspelling worden gedaan voor de тт+/тг- ver­
houding bij een oneindig grote bundelimpuls. Deze voorspelling blijkt 
onafhankelijk te zijn van het type bundeldeeltje. 
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S T E L L I N G E N 
I 
In modellen die op grond van quark statistiek de relatieve hoeveelheid 
geproduceerde mesonen voorspellen, wordt ten onrechte de onderdrukking 
ten gevolge van faseruimte-effecten verwaarloosd. 
V.V. Anisovich en V.M. Shekhter, Nucl. Phys. B55 (1973) 455. 
II 
Automatische systemen voor het meten van cytologische 
uitstrijkpreparaten, b.v. BioPepr, leveren informatie met betrekking 
tot een zich ontwikkelende abnormaliteit die nauwelijks waargenomen 
wordt met conventionele methodes. Dit feit zal in de toekomst leiden 
tot een meer algemeen gebruik van automatische systemen. 
D.J. Zahniser et al., J. Histochem. Cytochem. 2^ (1979) 635; 
M. Bibbs et al., Acta Cytol. 2 5 (1981) 23. 
III 
Het feit dat het aantal vrije quarks in het universum, zoals bepaald 
kan worden uit de metingen van Fairbank, en het aantal protonen dat 
sinds het ontstaan van het universum vervallen is, in orde van grootte 
overeenkomen kan, gezien het controversiële resultaat en het premature 
karakter van beide experimenten, voorlopig slechts gezien worden als 
een toevalligheid. 
W. Fairbank, EPS conferentie Lissabon (1981); 
G. Morpugo, EPS conferentie Lissabon (1981); 
R. Barloutaud, EPS conferentie Lissabon (1981). 
IV 
De door Corcoran et al. gebruikte methode om de transversale momenta 
van partonen In hadronen te bepalen is onbevredigend, aangezien in een 
tweearmige hadroncalorimeter echte tweejet events niet kunnen worden 
onderscheiden van statistische fluctuaties in lage p t events. 
M.D. Corcoran et al., Phys. Rev. Lett. 4 Ц (1980) 514. 
V 
Bij experimenten die gebruik maken van een hybride bellenvat opstelling 
zou het gebruik van de gegevens uit de downstream tellers in het PEPR 
meetproces dit proces aanzienlijk kunnen versnellen. 
VI 
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wetenschappelijke tijdschriften geplaatste artikelen te indexeren onder 
de naam van de collaboratie in plaats van de naam van een toevallige 
eerste auteur. 
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